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ABSTRACT 
There is growing evidence to support the notion that plants can play an important role in 
providing a higher quality living environment. The present study conducted a series of 
experiments to investigate the effects of plant colors and forms on human physiological and 
psychological responses and find out the individual differences between the Japanese’ 
genders for plants perception, in addition to illustrate the culture effects on visual perception. 
Different kinds of plants with different levels of colors and forms were chosen for the 
experiment design. Verbal response as well as nonverbal response which included 
measurements from eye movements and brain activity of 109 graduate and undergraduate 
Japanese and Egyptian students were utilized to illustrate the physiological and psychological 
responses of the participants to the environments either with different variegated plants or 
without plants. The participants showed psycho-physiological benefits after receiving 
plantscape stimuli. There are a relationship between verbal response (emotional status) and 
nonverbal response (eye movement and brain activity). Furthermore, somatosensory area 
activation was found to be linked to the awareness of visual information. As well as, the 
differential brain activation patterns associated with color preference are assumed to reflect 
the human emotional response and status being assessed. Regarding gender differences, there 
are similarities between the response of male and female participants. In conclusion, the 
green plants can be used to make a place more relaxing and calming. While the green-yellow 
or bright green can be used to make a place more pleasant, exciting and brightness, 
additionally they increase the sense of strength. On the other hand, the red color can be used 
in a place where a high concentration is required and to create luxurious environment. These 
outcomes provided design strategies for incorporating the plants into the interior spaces and 
also provided the physiological variables to evaluate human comfort in the outside 
environment. 
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CHAPTER 1. INTRODUCTION 
 
1.1 Background  
Rapid construction of urban setting puts the urban ecosystem under pressure. This pressure 
affects mostly the living beings in the urban ecosystem. The most important factor for living 
beings to increase the possibility of surviving in the urban ecosystem is plants. Plants are 
essential for the survival of life on earth as we know it. Plants provide us with food, fiber, 
shelter, and pharmaceutical. Over the past century the shift away from a largely agrarian 
existence has resulted in a population influx into urban areas (Molina and Molina, 2004), 
where inhabitants spend increasingly more time indoors and environment quality is often 
inferior to that outside (Jenkins et al., 1992; Snyder, 1990).  
Unplanned and dense construction is one of the biggest problems which affect the quality 
of life of today’s cities. It has known that interaction with nature have positive effects. As the 
interest in health promotion and quality of life has increased, attention has been focused on 
the role of nature in promoting human health and well-being. Sheets and Manzer (1991) 
stated that one of the things that increase the quality of life in cities is the plants in the area. 
The effect of plants on the quality of life of the city dwellers can be seen in different ways. 
Plants increase the quality of air and water of cities, regulate temperature and provide habitat 
for the animals living in the city (Michelfelder, 2003). The prices of houses having plants 
nearby are higher than those without trees nearby (Henry, 1994). If there are plants near the 
workers in a workplace, their productivity increases (Lohr et al., 1996). Kuo et al., (1998) in 
their study, stated that there was a relationship between the amount of green areas in the city 
and the security of people. Kuo and Sullivan (2001), based on police reports, claim that 
vegetative cover decreases inclination to vandalism and crimes in society. Plants perform 
many positive functions within the urban environment, such as controlling erosion, enhancing 
water infiltration into soils, and cooling our cities. Furthermore, plants promote positive 
physiological and psychological responses.  
Horticulture is used in many settings as a form of direct or indirect therapy. We use plants 
to decorate our homes, workplace and to make special occasions, such as holidays. For 
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thousands of years in cultures across the globe, plants and gardening have been considered 
physically, mentally, and social good for people, yet until recently, there has been no research 
to verify such claims. In the past thirty years, numerous scientific studies have begun to 
document the relationships between people and plants showed that people exhibit aesthetic, 
emotional and physical responses to plant and nature (Relf and Lohr, 2003) 
Contacts with nature may benefit health, many researches devoted to the importance of the 
natural environment for human health. Interior planting has become increasingly popular in 
the working environment during the last 30 years, and its presence is believed to have 
psychological and physiological benefits. 
Psychological effects of plant have been explored through conceptual and experiential 
avenues, to more specifically through subjective questionnaires. In the last few years, there 
were active efforts to measure and test the psychological effects of green color in a 
quantitative and objective manner that is based on medical and scientific indexes (Ulrich et 
al., 1991; Nakamura and Fujii, 1992). This interesting is due to the advancements that have 
been made in measuring techniques and in the cooperation that has been gained from similar 
fields. Furthermore, because of the importance of stress reduction and health enhancement on 
society, there is a need for objective verification of the psychological and physiological 
effects of plants.     
Different studies from various countries showed that people–plant interactions promote 
human well-being of different target groups, not only curative but also as a preventive 
treatment for individuals as well as groups. These findings showed that apparently people 
think that working with plants is beneficial for human well-being. However, little research 
has been done on the determinants of working with plants that are beneficial for human well-
being. Little is known about the mechanism behind horticultural therapy and in many cases 
the evidence is weak due to methodological limitations of the research. 
Viewing nature is associated with reductions in stress, improvements in mental alertness, 
greater productivity, and, in areas of commerce, increased spending (Ulrich, 1986; Relf, 
1991; Lohr et al., 1996). Additionally, improved health effects include shorter hospital stays, 
reduced pain, and fewer headaches (Ulrich, 1984; Lohr and Pearson-Mims, 2000; Tove, 
2000). If we can better understand people’s preferences and responses to individual elements 
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of nature such as plant color, then plant producers, landscape designers, public and private 
land managers could have a powerful set of tools to utilize when outlining specifications for 
our environments, both built and natural. Kaufman and Lohr (2004) reported that people 
exhibit strong responses to a range of tree colors, varying in hue and intensity. Furthermore, 
green and red were preferred to purples oranges, and browns. In addition they suggested that 
the responses were generally consistent with predictions based on potential survival 
information. 
Different studies showed that nature in general can relieve stress and mental fatigue 
(Ulrich 1983; Kaplan and Kaplan 1989). A green environment in general may encourage 
people to have physical exercise, which can have positive effects on different health 
determinants and reduces the risk of different kinds of chronic diseases (Gezondheidsraad 
2004). Furthermore, Studies also suggested that physical exercise can be useful in the 
treatment of mental health problems like anxiety and depression (Sempik et al., 2003). Lewis 
(1995) mentioned a study by Owen (1994), who found that visiting a botanical garden lowers 
blood pressure and reduces heart rate. Studies showed that the presence of vegetation will 
speed recovery from stress (Ulrich et al. 1991; Kaplan 1993). Different studies into the effect 
of physical activity showed that activities like gardening are associated with health and 
reduce risk factors for coronary heart disease.  
The benefits of plants for office workers in a working environment have been examined in 
different studies. Fjeld et al. (2002) did some researches into the effects of plants on the well-
being and health of office workers. This research showed that there is a positive relationship 
between plants at the workplace and the health of the office worker. As well as he found a 
decline of health problems like fatigue, headaches and complaints like dry and sore throat and 
dry hands when plants and daylight lamps were placed in the office. The attendance of plants 
seems to have a positive effect on cognitive functioning in terms of attention recovery. Even 
exposure to plants for a few minutes can lead to positive effects on cognitive functioning. 
Additionally, other research showed a positive relationship between plants, work productivity 
and a lower blood pressure (Lohr et al. 1996; Russell 1997). 
Some researchers stated that people not only directly used plants just for planting in the 
garden but also the plants within their angles of vision, were useful for them (Kaplan, 1992; 
Relf and Lohr, 2003). Therefore, line, form, color and texture that will cause changes in the 
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perception of people with their contributions to plant compositions are the basic criteria to be 
known very well (Fisher et al., 1984). 
Color is one of the basic topics of psychology, and an inseparable part of our everyday 
lives as well as, its presence is evident in everything that we perceive. It is widely recognized 
that colors have also a strong impact on our emotions and feelings (Lang, 1993; Hemphill, 
1996; Mahnke, 1996). For instance, the color red has been associated with excitement, orange 
has been perceived as distressing and upsetting, purple as dignified and stately, yellow as 
cheerful, and blue has been associated with comfort and security (Wexner, 1982; Ballast, 
2002). Moreover, some colors may be associated with several different emotions and some 
emotions are associated with more than one color (Saito, 1996; Linton, 1999). Red, 
symbolically known as a dominant and dynamic color, has an exciting and stimulating hue 
effect. It has both positive and negative impressions such as active, strong, passionate, warm, 
but on the other hand aggressive, bloody, raging and intense. Green has been found to have a 
retiring and relaxing effect. It too has both positive and negative impressions such as 
refreshment, quietness, naturalness, and conversely tiredness and guilt (Mahnke, 1996; Saito, 
1996; Davey, 1998).  
Surprisingly, few studies have specifically examined the influence of plant color on 
people’s emotional and physiological behavior. Sommer and Summit (1995) commented that, 
in the investigation of generic plant attributes such as tree size and shape, color has been 
neglected. In fact, early studies on plant preferences intentionally avoided colors other than 
green to remove distractions (Kaplan and Kaplan, 1989). Some researchers have examined 
flower color preferences. In their study of preference for geraniums, Behe et al., (1999) found 
that flower color took precedence over leaf color and price. Red and lavender flowers were 
preferred over white and pink ones. A simulated blue flower color was the least preferred of 
all. Most customers preferred plant leaves with plain or zonal patterns to ones with white 
margins. Boyatzis and Varghese (1994) found out that bright colors such as pink, blue and 
red created positive emotions and darker colors such as brown, and black created negative 
emotions. Hemphill (1996) found out that green, yellow and red evoke more positive 
responses than the other colors. Terwogt and Hoeksma (1995) stated that age is a factor in 
color preferences. They found that as people got older they preferred green more than yellow. 
Saito (1996) claimed that the living place and culture of people are important in their color 
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preferences. Jacobsen (2002), in his study, indicated that the education of people as well as 
their culture was effective in their color preferences. 
Studies have arrived at different conclusions regarding the existence of gender differences 
in color preferences. In a study of United States college students, Silver et al., (1988) found 
that greater proportions of males choose blue as their favorite color than was true for females. 
In a subsequent study of elderly persons in the United States, Silver and Ferrante 
(1995) reported four significant differences in color preferences, with males again being more 
likely than females to prefer blue. Males were also more likely to choose red, whereas 
females were more likely to prefer black and pink. Three additional studies, all among elderly 
persons, concluded that there were no significant differences between men and women in 
their preferences for various colors. Two of these studies were conducted in the United States 
(Mather et al., 1971; Tate and Allen, 1985), and the other was carried out in Sweden (Wijk et 
al., 1999). 
Moreover, color conventions differ from one society to another. A well-known example is 
with the two achromatic colors; black and white. Death and mourning are associated with the 
color black in Western traditions, whereas in China the color of death is white. The 
relationship between color and emotion is closely tied to color preferences. In particular, 
color preferences are associated with whether a color elicits positive or negative feelings. 
While particular colors have been found to be highly preferred regardless of age, racial group, 
or culture (Eysenck, 1941; Adams and Osgood, 1973), there is some evidence that color 
preference may be culturally-based. For example, Choungourian (1968) found that the colors 
red and blue were the most preferred colors among American subjects, but were less 
preferred in other cultures. In a comparison of Japanese and Korean subjects, Saito (1996) 
found unique color preference tendencies between the two countries, and also with respect to 
age, gender, and geographical region within the individual country.  
Regarding plant spread, there is no study examined the difference effects between 
individual and group variegated plants on human psycho-physiological responses. 
Researchers have specifically examined tree form and its influence on people. In a study on 
preferred tree form, Sommer and Summit (1995) studied tree canopy, trunk size, and shape. 
In this study, respondents viewed slides of tree icons and rated variations in the tree 
attributes. The results indicated that trees having spreading and globular tree forms were 
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preferred more than those having columnar and conical tree forms. Additionally, Lohr and 
Pearson-Mims (1996) examined people’s responses to different tree forms and urban 
elements. Data suggested that more positive emotions were associated with tree forms than 
with the forms of inanimate objects. Furthermore, a spreading tree form elicited more 
positive and fewer negative emotions than a conical, globose, or columnar tree or an 
inanimate object. This reaction has been linked to survival cues in relation to the landscape 
(Orians and Heerwagen, 1992; Kellert and Wilson, 1993). Trees with this preferred shape are 
associated with habitats that are good for human survival. As suggested in Kellart and Wilson 
(1993), there is an emotional connection between human beings and other living organisms; 
one that involves complex learning rules passed down through generations. Williams (2002) 
showed that medium-sized and lobular or oval-formed trees were preferred. Muderrisoglu et 
al., (2006) found that pyramid formed trees had the highest visual quality and strength. 
1.2 Objectives 
There is growing evidence to support the notion that plants can play an important role in 
providing a higher quality living environment. The potential impact of indoor environment on 
human health nationally is considerable, for several reasons. People, on average, spend 
approximately 90 percent of their time indoors. Interior planting has become urgently needed 
in the indoor spaces. In recent years, there has been an increasing interest to study the 
psycho-physiological effects of plant colors and forms on human being.  
Although there are many studies about the effects of color on human perception, there are 
a limited number of studies about the effects of plant colors on people well-being. Therefore, 
a series of experiments were carried out to investigate the effects of plant colors, spread 
(individual and group) and forms on human physiological and psychological responses, 
verify the individual differences between the Japanese’ genders for plants perception, and to 
illustrate the culture effects on visual perception. In addition, clarify the relationship between 
verbal response (emotional statues) and nonverbal responses (eye movement and brain 
activity). In words, this study has many goals, the first goal is to explore the impacts of 
different foliage colors i.e. dark green, green-white, green-yellow, bright green and red as 
well as plant spread and forms on human psychological and physiological responses. The 
second goal is seeking to a more thorough explanation for human psycho-physiological 
changes in response to a range of different plant colors and spread, by means of testing eye 
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movements, cerebral blood flow (CBF) and administering semantic differential questionnaire 
(SD) to participants. The third goal is to find the effect of plant colors and forms on responses 
of Japanese males versus females. And the fourthly goal is to discriminate the color effects 
across cultures between Japanese and Egyptian. The findings presented here help provide a 
better understanding of the human visual cognitive responses to different foliage colors and 
forms.  
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CHAPTER 2. METHODOLOGY 
 
2.1 Introduction 
The methodology for the experimental studies to investigate the interaction between the 
plants and the human beings was described in this chapter. 
2.2 Plant stimuli 
 
2.3 Plant and people interaction  
For the presentation of appropriate stimuli in the experiments, the general characteristics 
of plant stimuli were noted.  As well as, the personal factor influenced plant impacts were 
investigated considering with the facts that even the same color experienced by individual 
can bring out different physiological and psychological effects. The measurement methods of 
psycho-physiological responses were created. Then, the indexes of the verbal evaluations 
were reviewed in order to understand and supplement the physiological responses. Finally, 
the frameworks of the experiments were formulated based on the reviewed methodology.  
 2.3.1 Personal factors and visual stimuli 
Even plants with same color were viewed by different people, can cause different 
physiological and psychological impacts. For example, if one says red to 50 listeners, there 
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will be 50 different reds in mind. This is because color has deep roots in personal feelings and 
cultural associations. 
2.3.2 Gender differences 
Considering gender differences in plant color and form perception could seem unrelated to 
cross-cultural localization. A closer look, however, will reveal that these can be found in 
every society, each with some specific characteristics. It was reported that women were more 
likely than men to have a favorite color. In expressing the preference for bright and soft color, 
there was a difference, with women preferring soft colors and men preferring bright colors. 
Additionally, studies concluded that gender different responses in color identification may be 
attributed to difference in the socialization of men and women. In words, studies have arrived 
at different conclusions regarding the existence of gender differences in color preferences.  
2.3.3 Individual differences in preference for visual stimuli 
The psycho-physiological reactions is influenced by various factors such as gender 
(Hurlbert and Ling, 2007), personality, geographical region and culture (Saito, 1996). 
Interestingly, the same person can feel differently according to their environment and the 
time zone. A single color can have different meaning in different cultures. Even the climate 
in which we live influences our color preferences.  
2.4 Measurement of the psychological and physiological responses 
Little is known about the mechanism behind horticultural therapy and in many cases the 
evidence is weak due to methodological limitations of the research. Most of the previous 
studies almost focused on self-report variables (Psychological indicators) for example they 
used SD, POMS and STAI. It is well known that eye movements provide the simplest and the 
most accurate way to extract information from the participant’s visual environment and 
largely determine which of the selected information is due for further processing. As the 
visual information perceived by the eyes is transferred to the brain. So, in our study we will 
use a new methodology which detect eye movements and cerebral blood flow of the 
participants while they are viewing plant stimuli provide a scientific explanation for human 
psycho-physiological changes in response to plant stimuli.  
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2.4.1 Psycho-physiological measurements 
2.4.1.1 Basic visual pathway  
Vision is generated by photoreceptors in the retina, a layer of cells at the back of the eye. 
The information leaves the eye by way of the optic nerve, and there is a partial crossing of 
axons at the optic chiasm. After the chiasm, the axons are called the optic tract. The optic 
tract wraps around the midbrain to get to the lateral geniculate nucleus (LGN), where all the 
axons must synapse. From there, the LGN axons fan out through the deep white matter of the 
brain as the optic radiations, which will ultimately travel to primary visual cortex, at the back 
of the brain. So, studying the impacts of plant characteristics such as colors and forms on eye 
movements and brain activity is being actively pursued in order to determine color effects on 
human psycho-physiological responses. (Fig. 2.1). 
 
Fig. 2.1 The Visual Pathway (Skillen, 2009) 
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2.4.1.2 Eye movement 
Monitoring eye movements is a critical aspect of experimental design for studies of spatial 
attention and visual perception. Eye movement have been widely used to study a number of 
information processing tasks such as reading, scene perception and visual research (Findlay 
and Gilchrist, 2003; Henderson, 2003; Liversedge and Findlay, 2000; Starr and Rayner, 
2001). Eye movement, reflecting conscious and unconscious reactions to visual stimuli, was 
tracked to investigate cognitive characteristics of the plant color and form. Eye tracking and 
eye fixation were monitored using an eye mark recorder with the cornea and pupillary reflex 
method (EMR-9, NAC Image Technology Co., Ltd. Japan). Portable goggles were employed 
to simultaneously measure both eye movement and cerebral activity (Fig. 2.2). 
 
 
Fig. 2.2 Eye mark recorder and multi channel near infrared spectroscopy. 
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2.4.1.3 Cerebral  activity 
The brain reacts to all it sees and processes. This study focused on the activities of the 
right brain to measure the psycho-physiological impacts of plant colors and form, because of 
the brain is in charge of all of the mental activities. In the present study changes in 
oxygenated hemoglobin (oxy-Hb), which is the most sensitive indicator of changes in 
cerebral blood flow, were analyzed.  
2.4.1.3.1 Localization of functions in the brain 
The cerebrum is divided into the left and right hemisphere. It is controls crossing functions 
in terms of sensation and movement. Some functions stem from one side of hemispheres, but 
the brain acts with the cooperation of both hemispheres. This is called brain lateralization. 
When something only occurs in one hemisphere, it is called localization of the function of 
the brain. This means that different parts of the brain carry our different functions (e.g., 
vision control of voluntary movement, understanding speech, etc.).  
The cerebrum region of the brain consists of the Rolandic fissure (central sulcus) and the 
Sylvian fissure (lateral sulcus). Then this is divided into four parts: 
 1- Frontal Lobe  
The frontal lobe is home to our cognitive thinking, and it is this process that determines 
and shapes an individual's personality. The anterior portion is responsible for higher cognitive 
functions, and the posterior portion consists of the premotor and motor areas, thus, governing 
our voluntary movements. The functions of the frontal lobe include reasoning, planning, 
organizing thoughts, behavior, sexual urges, emotions, problem-solving, judging, and 
organizing parts of speech and motor skills (movement). 
2- Parietal Lobe  
The parietal lobe is located behind the central sulcus, and above the occipital lobe. It has 
four anatomical boundaries; the central sulcus, which separates the parietal lobe from the 
frontal lobe, the parieto-occipital sulcus which separates the parietal and occipital lobes, the 
lateral sulcus which separates the parietal from the temporal lobe, and the medial longitudinal 
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fissure which divides the two hemispheres (right and left). The parietal lobe is responsible for 
integrating sensory information from various parts of the body. The optic nerves pass through 
the parietal lobe to the occipital lobe. The functions of the parietal lobe include information 
processing, movement, spatial orientation, speech, visual perception, recognition, perception 
of stimuli, pain and touch sensation, cognition. 
 3- Occipital Lobe 
 The smallest of all the four lobes, the occipital lobes are located in the rearmost portion of 
the skull and because of their location, they are not particularly It is responsible for visual 
perception system, as it contains the primary visual cortex. The functions of the occipital lobe 
include visual reception, visual-spatial processing, and color recognition. 
4- Temporal Lobe  
There are two temporal lobes, each of which are located on each side of the brain; left and 
right, at about the level of the ears. The temporal lobes contain the primary auditory cortex, 
and hence, are responsible for all auditory processing. These lobes also contain the 
hippocampus, responsible for formation of long-term memory and sorting new information. 
The functions of both (left and right) temporal lobes include distinguishing and 
discrimination of smell and sound from other smells and sounds respectively. Between them, 
they control visual memory (right lobe) and verbal memory (left lobe), and thus, hearing, 
speech and memory. (Fig. 2.3; 2.4). 
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Fig. 2.3. Localization of functions in the brain (Yamauchi and Ayukawa, 2001) 
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2.4 Talents in the Right Brain 
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2.4.1.3.2 Measurement of Cerebral activity 
Among several devices for measuring the cerebral activity, the most promising alternative, 
noninvasive method is near infrared spectroscopy (NIRS). It requires only compact 
experimental system and is less restrictive allowing the participants to move. Unlike fMRI 
and MEG testing which require the participants to remain in a supine position (Okamoto et al., 
2004). Therefore, NIRS is a suitable measurement device for investigating the cerebral 
activity fluctuations while the subject was viewing the visual stimuli. Furthermore, NIRS was 
offered fewer burdens on the subject, was easy to manipulate and produced sequential data 
with real time (Nakamura, 1996). 
Human consume energy in their brains while they engaging in mental and physical 
activities. Any fluctuations in the brain activities metabolism, which in turn alters the blood 
of the brain. Generally speaking, the cerebral blood flow (CBF) starts to go through a change 
0.5 to 2 seconds after a stimulus and reaches its peak 6 to 8 seconds after the stimulus. Once 
stopped the stimulation, it returns to original state. But in the case of continue the stimulation, 
the repeated consumption and supply of oxygen in the brain results in a repeated decrease and 
increase of blood flow (Gervain et al., 2011; Suda, 2006) as shown in Fig 2.5. 
 
Fig 2.5 A typical hemodynamic response function (HRF) in adults. Stimulation is delivered at 
time zero. The response often starts with a small increase in deoxy-Hb, followed by an 
increase in oxyHb and a decrease in deoxy-Hb concentrations (measured here in arbitrary 
units). The signal peak several seconds after stimulus onset and then slowly return to baseline, 
with possible under- and overshoots. (Gervain et al., 2011) 
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As shown in Fig. 2.6, the mimetic diagram on measurement principal of NIRS. NIRS 
examines cerebral activity by measuring the hemoglobin concentration in the 1 to 1.5cm gap 
between the skull by using near infrared rays regardless of the distance between emitter and 
detector (Okada, 2003; Shimazu Co. 2003). Villringer et al., (1997) reported that the data 
obtained are considered to reflect average concentrations of hemoglobin around the attached 
sensors at a depth of 0.9cm when the distance between emitter and detector is 4cm. 
The hemoglobin concentration rises and brain activity become brisk, when the subject did 
a mental calculation. When he or she relaxed, the hemoglobin concentration drops and the 
brain activity calm down. 
 
Fig. 2.6 Mimetic diagram on measurement principal of NIRS (Okada, 2003) 
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2.4.1.4 Verbal evaluation, Semantic Differential Method (SD) 
Semantic Differential Method (SD) is a type of a rating designed to measure the 
connotative meaning of objects, as designed by Osgood (1957). It is one of the most widely 
used for measuring the effective meanings of various stimuli. One of the reasons for this is 
the versatility of the items being measured. Furthermore, bipolar adjective pairs can be used 
for a wide variety of subjects (Osgood, 1957; Iwashita, 1983). 
In particular, SD method is used in surveying the respondents’ subjective impressions or 
preferences towards the stimuli. In the present study 17 adjective pairs, expressing emotional 
state toward each visual stimuli were selected based on previous studies.  
2.5 Framework of the experimental studies  
2.5.1 Plant stimuli  
We have been focusing during experiments to study the effect of some plants which be 
used to reduce the concentrations of pollutants in closed spaces. 
2.5.1.1 Plant colors 
In this study two types of plant colors stimuli were used.  
Firstly, individual stimuli  
In order to present different plant colors stimuli, Spathiphyllum wallisii (green), Cordyline 
terminalis (green-red) and Aglaonema pictum (green-white), which commonly used for 
interior landscapes, improve indoor air quality and have been known for their potential to 
reduce indoor air pollutants, were selected as visual stimuli.  
Secondly, group stimuli  
In order to present different plant colors stimuli of the same shape in group case to the 
participants (to distinguish color effects only), five varieties with different foliage colors of 
Hedera helix L. were selected. Pittsburgh (dark green), glacier (green-white), gold child 
(green-yellow), light finger (bright green), and Pittsburgh (red) were used as visual stimuli to 
evoke the participants’ psychological and physiological responses.  
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2.5.1.2 Plant form 
To examine the visual cognitive characteristics of the Japanese individuals toward the 
Sukashi pruning technique through brain activity and impressions. Two different forms of 
Pine trees (Pinus thunbergii), with similar color were selected as visual stimuli to evoke 
participants’ psycho-physiological reactions. 
2.5.2 Subjects 
In order to take into account gender differences in visual stimuli impacts, data from males 
and female was analyzed separately. Furthermore,  to study the extent to which physiological 
and psychological impacts are influenced by a person’s culture and life experiences and life 
experiences, different plants colors were administered to Japanese (males and females) and 
Egyptian subjects. 
2.5.3 Measurement Indexes 
The psycho-physiological impacts of plant colors and forms were judged by recording the 
eye movement characteristics including eye fixation numbers and eye fixation durations 
using Eye Mark Recorder with cornea and pupillary reflex method. As well as, measuring 
cerebral blood flow changes using forty seven measurement locations, referred to as channel 
were located in the frontal, temporal, parietal and occipital lobes. These brain locations 
correspond with feeling, judgment, premotor, motor, somatosensory, cognition, visual, 
auditory and memory. Finally by impression evaluation using the semantic differential (SD) 
method. 
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CHAPTER 3 
 
THE VISUAL EFFECTS OF INDIVIDUAL 
PLANT VARIEGATION ON JAPANESE 
PSYCHO-PHYSIOLOGICAL RESPONSES 
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The visual effects of individual plant variegation on Japanese psycho-
physiological responses 
3.1 Introduction  
The positive effects of plants on human being can be traced back to the European healing 
garden in the middle ages (Marcus and Marni, 1999). Certain types of plants have been 
considered physically, mentally, and socially beneficial for people, yet, recently, there have 
been no studies to verify such claims. In the past thirty years, a number of scientific studies 
started documenting the relationships between people and plants, showing positive emotional, 
and physiological responses when people react with plants and nature (Relf and Lohr, 2003). 
 
Fjeld et al., (2002) reported that there was a positive correlation between plants in the 
workplace and the health of the worker. Furthermore, a decline in the frequency of several 
health problems such as: fatigue, headaches and symptoms of dry throat and dry hands was 
found when plants were placed in the office. Plant presence also seems to have a positive 
effect on cognitive functioning in terms of recovering concentration. Moreover, there is 
evidence that people become calmer and more relaxed when there are plants nearby 
(Butterfield and Relf, 1992).
 
A Sweden research showed that the people who frequently 
visited urban green spaces reported less stress-related illness than other groups of people, 
who did not (Grahn and Stigsdotter, 2003). Therefore it is supposed that generally, a green 
environment may encourage people to make physical exercise, that target positive effects 
related to health, reducing the risk of different chronic diseases (Gezondheidsraad, 2004).
 
Colors are one of the important components to humans in its perceptual and cognitive 
properties associated with subjective preference. Color preference is influenced by various 
factors such as gender (Hurlbert and Ling, 2007), personality, geographical region and 
culture (Saito, 1996).
 
Furthermore, plants with various colors have been shown to have 
psycho-physiological benefits for human health, for example, green and purple plantscape 
were found to have more positive psychological response, as evidenced by lower ratings of 
irritability, reductions in anxiety, and improvements in mood, compared with red, yellow and 
white plantscapes (Li et al., 2012). Therefore, it has become important to understand how 
users perceive plants as a part of their visual environment. Whereas previous studies in this 
domain almost exclusively focused on self-report variables, the research presented herein 
emphasizes psychological and physiological indicators. Although, people receive information 
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from the environment through five senses, it is estimated that for the sight, more than 70% 
occurs through visual perception (Song, 2004). Meanwhile, eye movement should be an 
indicator of humans’ psychological status (Arai and Hasegawa, 2013). It is widely known 
that big areas of the brain are involved in the visual recognition of objects (Thomas and 
Isabel, 2004). As the visual information perceived by the eyes is transferred to the brain. So, 
studying the impacts of colors on eye movements and brain activity is being actively pursued 
in order to determine color effects on human psycho-physiological responses. The functional 
neuroanatomy of emotion was widely examined using the blood oxygen level-dependent 
functional magnetic resonance imaging. (Davis and Whalen; 2001; Pessoa et al., 2002; Phan 
et al., 2002). The use of near-infrared spectroscopy (NIRS) is being widely explored and used 
for different types of data collection and analysis. This non-invasive technique uses near-
infrared light to evaluate the fluctuation of oxygenated hemoglobin and/or deoxygenated 
hemoglobin in tissues below the body surface. Although plant colors have been largely 
unexamined, as well as colors able to stimulate positive feelings, variegated plants might be 
able to stimulate desire responses such as promoting calm and relaxation. The study aims to a 
more thorough explanation for human psycho-physiological changes in response to a range of 
different foliage colors, by testing eye movement and brain activity. The effects of the colors 
on responses of males versus females were also compared. And further to discriminate the 
differential activation patterns of the brain in response to visual stimuli with favorite and 
unfavorite colors. The three tested plants can be used to reduce the concentrations of 
pollutants in closed spaces. The findings presented here help provide a better understanding 
of the human visual cognitive responses to different foliage colors. Furthermore, it will be 
used to generate practical applications for incorporating plants of particular color into built 
and natural environments. 
3.2 Materials and Methods 
3.2.1 Interior plants 
In order to present different plant variegation stimuli which commonly used for interior 
landscapes, improve indoor air quality and which is known for their potential to reduce rates 
of toxins such as formaldehyde, nitrogen and sulfur oxides from tainted indoor air (El-sadek 
et al., 2012), Spathiphyllum wallisii (green), Cordyline terminalis (green-red) and Aglaonema 
pictum (green-white), were selected as visual stimuli Fig 3.1. All plants do not emit any odor 
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Fig. 3.1 Spathiphyllum wallisii (left), Cordyline terminalis (center) and Aglaonema pictum (right) 
 3.2.2 Participants 
The participants were 28 right-handed Japanese students (14 males and 14 females) in 
their twenties (mean± SD 21.42 ± 1.72 years) with normal or corrected-to-normal visual 
acuity and no history of neurological illness were recruited from the School of Horticulture, 
Chiba University in Japan. Volunteer students included both undergraduate and graduate, 
each volunteer was asked to sign a liability consent form, and was given a brief outline of the 
procedure of the experiment without identifying which plant colors would be included. This 
study was conducted in accordance with the ethics regulations of Chiba University. 
3.2.3 Experimental setting and procedure 
The participants were tested individually in a screened room at Chiba University, where 
volunteers would be exposed to minimal external influences and go through the test under the 
same conditions. The participants were first informed about the procedure and how the 
instruments will be use, while helping them to adapt to the experimental environment. They 
were also instructed to turn off mobile phones. An informed consent was signed, stating they 
could withdraw from the experiment at any time. In the middle of a shielded room (59.4 m
2
) 
with a white walls and indoor lighting consisting of fluorescent light bulbs (700±4 lux), a 
chair was set up for the subject 150 cm away from the test plants (Fig. 3.2). The psycho-
physiological recording devices were placed behind the participant to decrease the 
disturbance of the machines. A 23 °C temperature and 55 % relative humidity were 
maintained throughout the experiment. During each trial, the near infrared spectroscopy 
(NIRS) electrodes and eye movement detector were installed for the participant. The 
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measuring conditions of cerebral activities were checked, and calibration for eye movement 
was carried out. The participant was then instructed to relax fully with eyes closed to adjust 
his mood to the experimental environment, and while the participant rested with closed eyes, 
the first plant category was placed on a table covered with a black cloth at the participant’s 
eye level to ensure a straight line of the sight of the object without having to move the head. 
After the NIRS monitor confirmed that cerebral activity was stable, the participant was asked 
to open his eyes. The brain activity and eye movement were recorded for 1 min. The subject 
was asked to close eyes again afterwards, and then the second plant was tested. The order of 
plant presentation was randomized among the participants.  
 
Fig. 3.2. Experimental setting and physiological measures, eye mark recorder and multi 
channel near infrared spectroscopy. 
3.2.4 Psycho-physiological measurements 
Eye movement, reflecting conscious and unconscious reactions to visual stimuli, was tracked 
to investigate cognitive characteristics of the plant color. Eye tracking and eye fixation were 
recorded using an eye mark recorder with the cornea and pupillary reflex method (EMR-9, 
NAC Image Technology Co., Ltd. Japan). Portable goggles were employed to simultaneously 
measure both eye movement and cerebral activity (Fig. 3.2). As the visual information 
perceived by the eyes was transferred to the brain, the cerebral blood flow (CBF) was 
recorded while the participant was viewing the plant. The CBF was measured using multi 
channel near infrared spectroscopy (NIRS, OMM-2001, Shimadzu, Co., Ltd. Japan). 
Measurement was limited to the right hemisphere of the brain only, because of its control 
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over emotion and image creation (Silberman, and Weingartner, 1986; Tucker, 1981). 
According to the theory of localization of brain function, 47 channels (ch) were positioned to 
correspond with feeling (ch1, 3), judgment (ch2, 4, 5, 6, 8, 9), premotor (ch7, 11, 12, 16), 
motor (ch13, 17, 18, 20, 21), somatosensory (ch22, 25, 26, 27, 29, 30, 31, 34, 35),memory 
(ch15, 19, 23, 24, 33), cognition (ch38, 39, 40, 41, 43), visual (ch42, 44, 45, 46, 47), auditory 
(ch28, 32, 36, 37), and speech (Broca, ch10, 14) functions (Fig. 3.3) (Caplan, 1993; 
Shepherd, 1901). 
3.2.5 Statistical analysis 
The number of eye fixations (the visual points fixed for 0.2 sec or longer on the visual 
stimulus is based on the fact that more than 0.2 sec is required to consciously recognize the 
stimuli) (Yarbus, 1962) and eye fixation durations 1 min after exposure to the visual stimuli 
were analyzed by EMR-dFactory ver. 2.0. Steel-Dwass multiple comparison tests were used 
to statistically compare among the tested plants. Regarding CBF, the data were analyzed 
separately for each channel (ch). The cerebral changes during exposure to each plant category 
were examined by comparing the means of each 30-sec interval starting with the last 30 sec 
of the rest period before plants presentation. This was assumed to represent the most stable 
states of the brain and physiological activity during the rest period. A paired t-test (two-sided) 
was used to compare the physiological changes between rest and exposure periods. The 
cerebral activity analysis used fluctuations in oxygenated hemoglobin (oxy-Hb) as the index 
of cerebral changes, where increased oxy-Hb is associated with increased cerebral activity. 
The changes were separately computed in 47 measurement locations of the brain (Fig 3.3). 
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Fig. 3.3 Localization of functions in the brain 
Measurement locations of cerebral activity in the right hemisphere. 
3.3 Results and Discussions 
3.3.1 Effects of plant colors stimuli on eye movements 
As can be seen from Figs 3.4 and 3. 5, fixation durations and numbers of eye fixation were 
affected by the plant colors. Concerning male participants, there was a significant difference 
between green and green-red plants (P=0.028), there appeared to be a trend that green plant 
resulted in a longer fixation duration of eye movement, compared with the green-red plant. 
On the other hand, regarding eye fixation numbers, it was found that there are significant 
differences between green-red and green (P=0.049), as well as between green-red and green-
white (P=0.091). The results indicate that males carefully observed the details of green plant, 
because of long fixation duration. Moreover they appeared to be calm in the presence of the 
green plant, evidently by lower numbers of fixation. However, the green-red plant was 
exciting and stimulating for the participants evidently by higher fixation numbers. 
Regarding females, the green and green-red plants showed significant differences with 
respect to longer eye fixation durations and higher eye fixation numbers, compared with the 
green-white plant. These results indicate that female participants carefully observed and saw 
the details of the green and the green-red species to a greater extent than with the green-white 
species. 
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Different results in eye movement characteristics indicate that different colors or variation 
in color makes some view more interesting, attractive and fascinating, as the green plant 
which attains longer durations of eye movement, or irritating and less rest as the red plant 
which attains higher numbers of eye fixation. The results of this study are in harmony with 
those of a previous study by Mackworth (1967) which compared between visual fixation and 
verbal estimates of the relative importance of regions within photographs. The study proved 
that the regions that classified as a lot of information were produced the highest fixation 
frequency. Also, Baker
 
and Loeb (1973) noted considerable correlations between ratings of 
the importance of sections of geometric forms and durations of fixations on those sections. 
Overall, longer fixation duration and higher fixation number of eye movement reveal that 
the participants spend more time interpreting or relating the visual representation to 
internalized representation. 
 
** P<0.05 and * P<0.1 
Fig. 3.4. Comparison of eye fixation durations among S. wallisii (left), C. terminalis (center) and A. 
pictum (right) for male and female participants. 
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** P<0.05 and * P<0.1 
Fig. 3.5. Comparison of eye fixation numbers among S. wallisii (left), C. terminalis (center) and A. 
pictum (right) for male and female participants. 
3.3.2 Color preference  
As expected, people expressed a range of preferences among the presented plantscape 
colors. A variety of different comments were made by participants, and in some cases the 
reason given as to why someone liked a plant was the same reason another person gave for 
disliking it, and vice versa.  
Overall, fig. 3.6 clearly indicates that, so far as conscious impressions of participants were 
concerned, the most favorite color for both genders was the green color. In contrast, the 
green-red caused strong disliked among both male and female participants, while the green-
white resulted in a rather muted and neutral reaction.  
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 Fig. 3.6. Subjective responses to the double-sided questionnaire for color preference, 
which were evaluated on the basis of like and dislike colors in 28 participants (14 males and 
14 females)  
3.3.3 Effect of plant colors stimuli on brain activity 
Figure 3.7 demonstrates fluctuation in brain activity, and shows the channels where 
significant fluctuations in oxy-Hb were observed when viewing the different plant colors, for 
both genders. 
3.3.3.1 Male participants  
While male participants were viewing the green plant, the CBF was significantly sedated 
in the feeling area (ch3, P<0.05) which is especially important for stimulating the feeling of 
relaxation. On the other hand, during the stimulation with the green-red plants, the CBF was 
significantly sedated in the judgment (ch2 and ch4, P<0.05), which, controls concentration 
and attention, and in the somatosensory area (ch27, P<0.10) which is strongly associated with 
body senses, being responsible for processing sensory information such as smell, taste, touch, 
vision, and sound. In contrast, the CBF was notably increased in the motor area (ch21 
P<0.10), which controls muscles, premotor area (ch11 and ch16, P<0.05), which is especially 
important in the conditional motor tasks and controls motor and movement skills, and in the 
cognition area (ch41, P<0.10) which controls object recognition. In contrast, the stimulation 
with the green-white plants showed sedation in brain areas including the motor (ch20, 
P<0.05), somatosensory (ch25, P<0. 05) and memory areas (ch24 and 33 P<0.05), while the 
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CBF was activated in the visual area (ch43, P<0.05) which involves specifically perception of 
color and vision motion. 
3.3.3.2 Female participants 
Female participants showed some different patterns of cerebral response while viewing the 
three plant colors. When female subjects were viewing the green plant, the CBF was 
activated in the judgment (ch8 and 9 P <0.10), premotor (ch11, P <0.05), motor (ch21, P 
<0.05) and visual areas (ch46 P <0.05). On the other hand, the CBF was sedated in the 
feeling area (ch3 P <0.05). However, in the presence of the green-red plants, the CBF was 
sedated in the judgment area (ch2 and 4 P <0.05 and 0.1 respectively), while, it was activated 
in the motor area (ch17 P <0.10). When participants were shown the green-white plants, CBF 
was activated in the motor (ch20 and 214, P<0.10 and 0.05 respectively), somatosensory 
(ch25 P <0. 05), visual (ch42 P <0.10) and cognition areas (ch43 P <0. 05). While, it was 
sedated in the judgment area (ch5 and 6 P <0.10).  
For both genders of participants, nevertheless, green-red plants were effective in 
promoting a sense of strength, as evidenced by the cerebral activation in the motor area which 
controls muscles. These results are in accord with those of Kuller et al., (2009) who found 
that red color put the brain into a more excited state. In contrast, it was clear that CBF was 
significantly decreased in the judgment area when the stimulus was viewed. These results 
suggest that a decrease in the concentration and the creativity were associated with the lower 
activity in this part of the brain, which, controls attention and interest. In addition, it was 
clearly observed that the brain activities were sedated in the somatosensory area, the results 
indicating that the green-red plant could result in diminishing the sensation of the body; it 
means that participants did not care for the vision of this plant color (FitzGerald, 1996). 
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Fig. 3.7 Changes to cerebral activities by vision of each plant between male and female 
subjects 
Gender Duration Green Green-red Green-white 
Male 
0-30sec 
   
30-60sec 
   
Female 
0-30sec 
   
30-60sec 
   
, Significant increases in oxyhemoglobin concentration at P<0.05; , significant decrease 
in oxyhemoglobin concentration at P<0.05; , significant increase in oxyhemoglobin at 
p<0.10; , significant decrease in oxyhemoglobin at P<0.10. 
While in the case of female participants, it was observed that viewing the green-white 
plant decreased the concentration and attention, increased the sensation of the body and 
visual function   and promoted a sense of strength. This result was contrary to what happened 
in the case of male participants when they were viewing the same plant color. 
 In general, results showed that people prefer green to green-red and green-white plants. 
Furthermore, people exhibit different responses to plantscape colors. The outcome is of 
practical applicability for selecting subjective favorite colors in conjunction with the interior 
and living environments. Plant colors can be used to help people release stress and improve 
emotional status. Green plant could be incorporated into parks or hospitals in order to create 
relaxing environment. While, green- red plants, which stimulated the motor area in the brain 
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which controls muscles, can be used in office environment to improve employees’ 
productivity and in children area.  
3.3.4 Relationship between cerebral activities, eye movement and color preference 
The results of psycho-physiological responses to eye movement (Figs 3.4 and 3.5), color 
preference (Fig. 3.6) and brain activity (Fig. 3.8) demonstrated that different areas of the 
brain become active when one likes or dislikes a particular object. 
3.3.4.1 Male participants 
While the participants who liked the green plant were viewing it, the CBF significantly 
increased in the occipital lobe, which is especially involved in visual and perceptual 
functions, as found by Simonov (1996). Moreover, the results brought out that the activity 
decreased in the prefrontal lobe of the brain, represented as which constitutes feeling area. 
These findings suggest that the experience of relaxation was associated with the sedation in 
this area of the brain which controls the emotion. In contrast, when the participants who 
disliked the green plant were viewing it, it was directly associated with sedation in the visual 
area.  
In the case of the participants who liked the green-red plant, the CBF was significantly 
increased in the visual area, which stimulates the visual function. On the other hand, for the 
group who disliked it, CBF was significantly decreased in the judgment area. These results 
suggest that a decrease in the concentration and the creativity were associated with the lower 
activity in this part of the brain, which controls attention and interest. In addition, it was 
clearly observed that CBF was sedated in the somatosensory area, indicating that the green-
red plant could result in diminishing the sensation of the body; it means that participants did 
not care for the vision of this plant color. 
Concerning the participants who liked the green-white plant, CBF decreased in the visual 
and somatosensory areas, while, for the group who disliked the green-white plant, the CBF 
significantly decreased in the judgment and somatosensory areas. These findings suggest that 
viewing the white plant decreased the concentration, and diminished the sensation of the skin 
and visual function. 
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Fig. 3.8. Cerebral blood flow activation resulting from the two-sample t-test of favorite and 
unfavorite colors for male and female subjects 
 
, Significant increases in oxyhemoglobin concentration at P<0.05; , significant decrease 
in oxyhemoglobin concentration at P<0.05; , significant increase in oxyhemoglobin at 
p<0.10; , significant decrease in oxyhemoglobin at P<0.10 
3.3.4.2 Female participants 
For female participants who liked the green plant, the results were similar to those for the 
male participants. The cerebral response indicates that the green plant provides a relaxing 
effect through the sedation of the feeling area and stimulated visual function. 
In the case of the participants who disliked green-red plants, CBF was significantly 
decreased in the somatosensory area. This cerebral response indicates that the green-red plant 
diminishes the skin and body sensation. 
While, the participants who liked the green-white plant were viewing it, the CBF indicates 
that it led to increase sensation of the skin and body, because of the significantly increment of 
CBF in the somatosensory area, and in addition, stimulated visual function related to the 
significantly increased in cerebral activity in the vision area. 
The present study has shown that it is possible to recognize psycho-physiological responses 
to plant colors based on eye movement and brain activity. The particular outcomes in this 
study support the findings of previous studies and confirm that different vegetation colors can 
stimulate different responses and plants might well be able to stimulate desire responses of 
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promoting calm and relaxation. Based on the results of eye movement, brain activity and 
color preference derived from the experience of viewing plants with three different colors, it 
is concluded that when participants observed a green plants, they experience a sense that 
promotes relaxation and a strong positive feeling, and also their brains were more calmly in 
the presence of green than in the presence of red or white plants. The results of this study are 
in harmony with those of a previous study that showed that green plants are useful for 
creating a comfortable environment (Zhang et al., 2012; Chang, and Chen; 2005 and Kim, 
1997). Even more relevant, was the observation that when the participants were viewing the 
green and red plants, there was a strong association that those colors received longer eye 
fixation duration and higher eye fixation numbers (Figs 4.4 and 4.5) and the participant’s 
brains were more active than when they were viewing the white plant (Fig. 4.8). It has 
concluded that the CBF increment was correlated with the degree of attention settled by the 
participants to the visual (Bondy et al., 1974). Furthermore, it has been reported that the 
occipital visual cortex is activated by visually evocative stimuli, whereas the activation in this 
area is independent of emotional state (Phan et al., 2002; Reiman et al., 1997) In the case of 
participants who liked particular plants, it was very clear that the CBF significantly increased 
in the visual area whereas it was significantly decreased in the case of the participants who 
disliked a color. A study by Hoshi et al., (2001) distinguished pleasant and unpleasant human 
emotions based on cerebral blood flow. The study found that unpleasant emotion was 
followed by increases in oxy-Hb at two channels, which were placed around the right 
ventrolateral prefrontal cortex, while a pleasant and high elated emotion was accompanied by 
a decrease in oxy-Hb. This results are in full agreement with those of the current study, our 
results showing that the participants who liked the green plant color had a significantly 
decrease of cerebral blood flow in the feeling area. This indicates that the participants felt 
pleasure when they viewed the green plant. Furthermore, the CBF decreased in the judgment 
and the somatosensory areas, when the participants felt a dislike towards a color, which 
indicates that they were showing less concentration, and sensations in the body or skin were 
decreased. There are similarities between the attitudes expressed by the participants in this 
study and those described by Suzuki et al., (2005) who examined brain activity during 
semantic differential rating of drawing stimuli containing different affective polarities. They 
reported that oxy-Hb concentration was lower around the right superior temporal and partial 
regions and especially in the somatosensory and auditory areas when subjects were viewing a 
noisy or temperamental picture. Recent studies have demonstrated that the brain is 
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predominantly activated by unfavorite colors over favorite colors (Kim et al., 2012). 
Although, positive and negative emotions appear to be associated with different styles of 
processing information, it is apparent that, in this study, the brain activation patterns in 
response to visual stimulation with favorite and unfavorite colors were different from each 
other. 
3.4 Conclusion 
Interior planting has become increasingly popular in the working environment during the 
last 30 years. Previous studies have shown how plants and natural landscapes can have 
significant impacts on people’s attitudes as well as physiological states. The study addresses 
question of whether different kinds of plants have particular effects on psychological 
parameters, such as wellbeing, and the potential role of colors (different kinds of green) in 
these effects. Each color was presented for 1 min, during the exposure time, eye movements 
were recorded by eye mark recorder. While, near-infrared spectroscopy was used in order to 
monitor the brain activity in the frontal, temporal, parietal and occipital lobes. Results 
obtained from analysis of psycho-physiological measures recorded indicate that different 
plantscape colors stimulated different psycho-physiological reactions. As well as, people 
prefer green to green-red and green-white plants. Furthermore, green plants were more 
effective in relaxing the body compared with the other colors evidenced by sedation of 
cerebral blood flow in the feeling area. In addition, increasing cerebral blood flow was 
correlated with the degree of attention paid by the participants to the visual stimuli, as 
indicated by fixation numbers and durations of eye movement. As well as, during the visual 
stimulation with favorite color, the brain blood flow activated in the occipital lobe especially 
the visual area. On the contrary, during the stimulation with unfavorite colors, the brain blood 
flow sedated in the judgment and somatosensory areas. In words, the differential brain 
activation patterns associated with color preference are assumed to reflect the human 
emotional response and status being assessed.  
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CHAPTER 4 
 
THE VISUAL EFFECTS OF GROUP PLANT 
VARIEGATION ON JAPANESE PSYCHO-
PHYSIOLOGICAL RESPONSES. 
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The visual effects of group plant variegation on Japanese psycho-
physiological responses. 
4.1 Introduction 
Experimental studies have confirmed that positive emotions have a beneficial effect on 
human health. For example, Davidson and colleagues have shown that individuals with a 
positive affective style have a higher level of immune function than those with a negative 
affective style (Rosenkranz et al., 2003). Also, it has been known for a long time that 
negative emotions are related to a higher prevalence and severity of disease. Recent 
evidence has suggested that certain types of plants promote emotional stability in human, as 
by facilitating psychological calming, reducing stress, fatigue, etc (Lee, 2006). Meanwhile, 
the belief that plants are beneficial for people in healthcare environments is more than one 
thousand years old and appears prominently in Asian and western cultures (Ulrich and 
Parsons, 1992). Additionally, during the middle ages in Europe, monasteries created 
elaborate gardens to bring pleasant feeling and promote healing (Gierlach-Spriggs et al., 
1998). People have begun to use plants to decorate the office environment since the 1960s 
(Lohr et al., 1996). A number of studies have investigated the effects of indoor plants on 
outcomes relevant to effectiveness and well being of office workers. Lohr et al., (1996) and 
Nakamura and Fujii, (1990) reported that stress-reducing responses occur when people are in 
a room with interior plants added, showing that plants alone could evoke the response. 
Moreover, Hartig et al., (1992) and Ulrich et al., (1991) found that subjects who viewing 
nature settings dominated by vegetation or natural scenery showed relief from stress, mental 
fatigue and had lower levels of fear and anger in contrast to those who were shown movies 
with urban settings. The effects were evidenced by positive changes, for instance, lower 
blood pressure, muscle tension, and skin conductance. Most of the above studies have 
examined the visual effects of natural landscape or interior plants on individuals. So far, 
however, only very limited studies have specially investigated the influence of plant colors on 
human responses, although, color is an inseparable part of our everyday lives, its presence 
evident in everything we perceive. Additionally, it is widely recognized that colors have also 
a strong impact on human emotions and feelings (Hemphill, 1996; Lang, 1993; Mahnke 
1996). Moreover, some colors may be associated with several different emotions and some 
emotions are associated with more than one color. For instance, Saito (1996) found that the 
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color black elicited both negative and positive responses among Japanese participants, and 
the black was often a preferred color among young people. Recently, researchers have shown 
an increased interest in examining flowering plant color preferences and their effects on 
human perception. Behe et al., (1999) examined the effect of flower color on the choice of 
plant. The results showed that red and lavender flowers were preferred over white and pink 
ones. However a simulated blue flower color was preferred least of all. Additionally, 
Todorova et al., (2004) examined color preferences in street plantings. They concluded that 
users preferred flowers with bright colors. More recently, some researchers have reported on 
observed psycho-physiological effects of plant colors. Li et al., (2012) examined people’s 
responses to different colors and the data suggested that green and purple plantscapes appear 
to be more effective in relaxing the body, reducing anxiety and improving mood, compared 
with red, yellow, and white plantscapes. Also, a number of studies have reported that green 
plants are useful for improving cerebral activity and creating a comfortable environment 
(Chang and Chen, 2005; Hye et al., 2012). Although people receive information from the 
environment through five senses, it is estimated that for the sighted, more than 70% is 
derived through visual perception (Song, 2004). Eye movements, which provide the simplest 
and the most accurate way to extract information from the participant’s visual environment, 
largely determine which of the selected information is due for further processing (Merchant, 
2011). Meanwhile, eye movement should be an indicator of humans’ psychological status 
(Arai and Hasegawa, 2013). As the visual information perceived by the eyes is conveyed to 
the brain. The aim of this study, therefore, is to investigate the impacts of colors on eye 
movements and brain activity is being actively pursued in order to determine color effects on 
human psycho-physiological responses. Although plant colors have been largely unexamined, 
as have colors to stimulate positive feelings, variegated plants might well be able to stimulate 
desire responses of promoting calm and relaxation. The aim of this study, therefore, we seek 
to a more thorough explanation for human psycho-physiological changes in response to a 
range of different plant colors, by means of testing eye movements, cerebral blood flow 
(CBF) and administering semantic differential questionnaire (SD) to participants. The effects 
of the colors on responses of males versus females were also compared. The findings 
presented here help provide a better understanding of the human visual cognitive responses to 
different foliage colors. Furthermore; the findings may be useful in helping indoor landscape 
designers to determine the most suitable plant color for a particular environment. 
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4.2 Methods and Materials 
4.2.1 Participants 
 Twenty-nine healthy right-handed volunteered undergraduate students (14 Males and 15 
females; aged, 19-24 years) with normal or corrected-to-normal visual acuity and no history 
of neurological illness were recruited for the study. Each subject was asked to sign a liability 
consent form and was given a brief outline of the proceedings of the experiment without 
identifying which plant colors would be used in the experiment. The study was conducted in 
accordance with ethics rules of Chiba University. 
4.2.2 Visual stimuli 
 In order to present different plant colors stimuli of the same shape to the participants (to 
distinguish color effects only), five varieties with different foliage colors of Hedera helix L. 
(English ivy), which include Pittsburgh (dark green), glacier (green-white), gold child (green-
yellow), light finger (bright green), and Pittsburgh (red) were selected (Fig. 4.1). Twenty-four 
samples of each plant were put into one tray with the dimension of 60 x 40 cm2 in order to 
make a group and to show it as one for each plant color (Fig. 4.2). A tray without plant was 
displayed for 1 min before each plant category as control. 
 
Fig. 4.1 Hedera helix L. varieties used in the experiment as visual stimuli. 
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Fig. 4.2 Experimental setting, measuring brain activity and eye movements recording during 
exposure to stimuli. 
4.2.3 Psycho-physiological measurements:  
Eye tracking and eye fixation were recorded using an Eye Mark Recorder with the cornea 
and pupillary reflex method (EMR-9, NAC Image Technology Co., Ltd. Japan). Fluctuations 
in cerebral activity resulting from the visual stimuli were measured by multichannel near-
infrared spectroscopy (NIRS; OMM-2001; Shimadzu Co., Ltd., Japan). NIRS directly 
monitors regional relative changes of hemoglobin concentration in the cerebral blood flow 
(CBF) (Villringer and Dirnafl, 1995). This method requires only compact experimental 
systems but is less restrictive, allowing the subject to freely move in his seat, unlike 
functional magnetic resonance imaging and positron emission tomography testing which 
require subjects to remain in a supine position (Nakamura, 1996; Okamoto et al., 2004). 
Measurement was limited to the right hemisphere of the brain only due to its control over 
emotion and image creation (Silbermnan and Weingartner, 1986; Tucker, 1981). Forty seven 
measurement locations, referred to as channels (ch) were located in the frontal, parietal, 
temporal, and occipital lobes (Fig. 4.3). These brain locations correspond with feeling, 
judgment, premotor, motor, somatosensory, cognition, visual, auditory, and memory 
functions (Caplan, 1993; Shepherd, 1901). 
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The direct impressions evoked by the plant color were examined via the questionnaire 
using semantic differential (SD) methods, which have been found to be a reliable and valid 
way to quantify subjective feelings about external stimuli (Kang and Zhang, 2010; Lee et al., 
2011; Snider and Osgood, 1969). In this study, 17 pairs of contrary adjectives were used, 
designed to rate the participants’ feelings and impressions on a five-point scale from 1 (most 
positive) to 5 (most negative)  (Hye et al., 2012; Jo et al., 2007). 
 
Fig. 4.3 Localization of functions in the brain. According to the theory of localization of the 
brain function, 47 channels corresponded with feeling (ch1, 3), judgment (ch2, 4, 5, 6, 8, 9), 
premotor (ch7, 11, 12, 16), motor (ch13, 17, 18, 20, 21), somatosensory (ch22, 25, 26, 27, 29, 
30, 31, 34, 35),memory (ch15, 19, 23, 24, 33), cognition (ch38, 39, 40, 41, 43), visual (ch42, 
44, 45, 46, 47), auditory (ch28, 32, 36, 37), and speech (Broca, ch10, 14) functions. 
4.2.4 Experimental setting and procedure:  
The participants were tested individually in an electromagnetic shield room at Chiba 
University, with keeping the external factors such as temperature, relative humidity and light 
consistent. The room had no windows. The experimenter about the procedure and how the 
instruments will be used, while helping the participants to adapt to the experimental 
environment, first instructed participants. They were also instructed to turn off mobile 
phones. An informed consent was signed, stating they could withdraw from the experiment at 
any time. The participant sat on a comfortable chair in the most comfortable position 50 cm 
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away from the tested plants (Fig. 4.2). The psycho-physiological recording devices were 
placed behind the participant to minimize interference from the instruments. During each 
trial, the NIRS electrodes and eye movement’s detector were installed to the participant. The 
measuring conditions of cerebral activities were checked, and calibration for eye movement 
was carried out. The participant was instructed to relax and close his eyes and limit his 
movement. While the participant rested with his eyes closed, the first plant category was 
placed on a table covered with a black cloth at the participant’s eye level to ensure a straight 
line of the sight of the object without having to move his head. Then the examiner asks the 
participant to open his eyes. The CBF and eye movements were recorded for 60 seconds, 
after being asked to close eyes again. Afterwards the other categories took place and the 
sequence was repeated with each category. After completing the psycho-physiological 
measurements, the participant was asked to fill out the SD questionnaire for each plant color 
separately. Order of the plants presentation was randomized across the participants. The total 
procedure lasted approximately 40 min for each participant (Fig 4.4). 
 
Fig. 4.4 Sequence of color exposure and associated experimental events. The 29 subjects 
were measured individually. Each plantscape color was presented in random order during the 
experiment. 
4.2.5 Data analysis: 
 The number eye fixations, the visual points fixed for 0.2 sec or longer on the visual 
stimulus. This is based on the fact that more than 0.2 sec is required to consciously recognize 
the stimuli (Yarbus, 1962) and eye fixation durations for 1 min after exposure to the visual 
stimuli were analyzed by EMR-dFactory ver. 2.0. Steel-Dwass multiple comparison tests 
were used to statistically compare responses among the tested plants. Regarding CBF, the 
data were analyzed separately for each channel (ch). The cerebral changes during exposure to 
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each plant category were examined by comparing the means of each 30-sec interval starting 
with the last 30 seconds of the rest period before plant presentations. This was assumed to 
represent the most stable states of the brain and physiological activity during the rest period. 
A paired t-test (two-sided) was used to compare the physiological changes between rest and 
exposure periods. The cerebral activity analysis used fluctuations in oxygenated hemoglobin 
(oxy-Hb) as the index of cerebral changes, where increased oxy-Hb is associated with 
increased cerebral activity. The changes were separately computed in the 47 measurement 
locations of the brain. The Wilcoxon signed rank-sum test (two-sided) was used to verify the 
differences in psychological effect assessed by the SD scale. SD data were analyzed by 
comparison of rating scores among the tested plants. Statistical validation of psychological, 
physiological data and verbal evaluation were established at P < 0.01 and p < 0.05, P < 0.10 
respectively. 
4.3 Results and Discussion 
4.3.1 Eye movements:  
As can be seen from figs 4.5 and 4.6, fixation durations and numbers of eye fixation were 
affected by the plant categories. Male participants data show a significant difference between 
green-white and dark green plants (P=0.0403). These results reveal that the green-white plant 
tended to generate longer fixations duration of eye movement compared with the dark green 
plant. Concerning, eye fixation numbers, it was found that there is a significant difference 
between the same two plants (P=0.0820). Results from the current study indicate that male 
participants carefully observed the details of the green-white plant as evidenced by long 
fixation duration and higher fixation numbers of eye movements compared with their 
responses to the dark green plant. 
With regard to female participants, no significant differences were found among the tested 
plants with respect to eye fixation durations. Whereas, regarding eye fixation numbers there 
are significant differences between green-yellow and dark green (P=0.0359), and also, 
between green-yellow and green-white (P=0.0067). These results reveal that female 
participants carefully observed and saw the details of the green-yellow plant to a greater 
extent than the dark green or green-white species. 
46 
 
Although the view of plant varieties is fairly similar, different results in eye movements 
were obtained. It means that different colors or variation in color makes some plant type less 
attractive, as in the case of the dark green plants evidenced by lower fixation numbers and 
shorter durations of eye movements among the male participants, while other types appear 
more interesting, attractive or fantastic as in the case of green yellow plant for the female 
participants. Longer fixations are usually associated with extra cognitive demand, informative 
visual information at the fixated region, and/or display complexity (Hooge and Erkelens, 
1998; Jacobs, 1986; Salthouse et al., 1981). Broadly, longer fixation durations and higher 
fixation numbers of eye movements revealed that the participants spend more time for 
interpreting those visual stimuli (Baker and Loeb, 1973 and Mackworth and Morandi, 1967). 
The extra fixation duration on the plants may be correlated with the detailed analysis of color 
features. 
 
Fig. 4.5 The number of eye fixation among Hedera helix varieties for 60 sec when the 
subjects (males and females) are viewing the plants 
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Fig. 4.6 Comparison of eye fixation duration among Hedera helix varieties for 60 sec after 
exposure to visual stimuli 
4.3.2 Impression evaluation 
Figure 4.7 presents the results of psychological survey of the responses to the 17 pairs of 
emotional words that were provided in association with the stimuli of the five foliage plant 
varieties. The results reveal that people do have different responses for different colors. 
Based on the results obtained from the males’ responses, the dark green plant was ordinary, 
natural and common color for the participants; furthermore it induced feelings of stability and 
calmness. However, the green-white plant was associated with the lowest number of positive 
responses because it was evaluated as being pale, weak, cool and passive. On the other hand, 
green-yellow and bright green plants were generally seen to be bright and showy and to elicit 
positive emotions including happiness and strength. Furthermore, participants felt more 
active in the presence of the bright green plant. Similar results have been reported in studies 
by Todorova et al., (2004) and Boyatzis and Varghese, (1994)
 
which concluded that bright 
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colors such as bright green and yellow had the highest positive effects for people. On the 
other hand, the red plant was highly affiliated with the descriptive words characteristic and 
bringing out the feeling of warmth.  
Regarding female participants, the dark green plant scored high on the words comfortable 
and calm furthermore, it was daily, natural and common color. These results are similar to 
those of Song’s (2004) and Li’s et al., (2012) studies, which concluded that scenery 
containing green plants is strongly associated with feelings of comfort. As well, the results 
are in general agreement with the findings of Saito (1996) whose subjects found green 
material to be refreshing and beautiful. Reasons given for positive responses to green showed 
that green was associated with nature, grass, trees, and would remind the viewers of outdoors 
and springtime, responses consistent with Hemphill's (1996) findings. On the other hand, 
while the green-white plant evoked a feeling of weakness, in contrast, it had the highest 
rating as evoking a feeling of spaciousness. This is an important finding for anyone who is 
contemplating cultivating indoor plants and who may be concerned about the spatial 
implications. The green-yellow plant was seen to be showy, bright, active, strong and elicited 
positive emotions including happiness. While, the bright green plant stimulated feelings of 
brightness, cheerful and exciting. The red plant prompted both positive and negative 
emotional reactions; it was seen to be positive because it was associated with characteristic, 
active and warm, while the negative aspects of red included evoking feelings of unsteady, 
unquiet and uncomfortable. Overall, therefore, the environments containing dark green, 
green-yellow or bright green plants were found to stimulate positive feelings such as 
calmness, brightness, cheerfulness, activeness, and being beautiful and exciting, as compared 
with green-white or red plantscape. The findings of the current study are consistent with 
those of Hye’s et al., (2012) and Lee and Son (1999) studies, who found that visual stimuli 
with yellow and green slides induced feelings of steady, cheerful and increasing the 
brightness of the environment. However, the red plant provided feelings of warmth and 
activity, and created a luxurious environment, findings that are comparable with the results of 
Hye et al., (2012). Thus, we are able to conclude that plants with different colors could be 
selected for use depending on the environmental demands to create various styles of relaxing, 
pleasant and/or luxurious ambience.  
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 4.3.3 The difference between both genders impressions 
 It is clear that there is a similarity between male and female participants’ responses except 
in some limited cases such as the dark green colored plant evokes the feelings of activeness 
and brightness for males more than females. Additionally, the green-white colored plants 
stimulate the feeling of roomy for female more than male participants. Furthermore, males 
had a sense of strength and active in the presence of the bright green colored plants more than 
females. The red colored plant is showy, daily and depressed for female more than male 
participants. On the other hand, it was a favorite of males more than females. The color green 
elicited mainly positive emotional responses, including the feelings of relaxation, calmness as 
well as stable, comfort, daily, and natural.  
 
Fig. 4.7 Semantic differential scale used by Japanese students 14 males (left) and 15 females 
(right) to describe Hedera helix verities. 
4.3.4 Changes to cerebral activity by vision 
 Figure 4.8 demonstrates the brain activity, and shows the channels where significant 
fluctuations in oxy-Hb were observed by viewing the different plant colors for both male and 
female participants. 
4.3.4.1 Male participants 
While male participants were shown the dark green plants, the cerebral activity was 
significantly sedated in the feeling area (ch1, P<0.01), and judgment area (ch2, P<0.01), 
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which controls concentration, attention and interest. These results suggest that the dark green 
plants are effective in promoting relaxation evidently by the oxy-Hb sedation in the feeling 
area. The results of these data are in harmony with those of Hoshi’s et al., (2011) which 
reported that pleasant emotion was followed by decreasing levels of oxy-Hb at two channels 
placed around the right ventrolateral prefrontal lobe. Furthermore, Davidson and colleagues 
(1990) reported that induced positive and negative affective states shift the symmetry in 
prefrontal brain electrical activity; with negative affect increasing relative right-sided 
activation and positive affect increasing relative left-sided activation. 
On the other hand, during the stimulation with the green-white plants, the cerebral activity 
was significantly sedated in the judgment, memory and visual areas (ch9, ch23 and ch47, 
P<0.05 respectively) as well as in the motor area (ch13, and 18, P<0.05, P<0.10 respectively). 
In contrast, the CBF was notably increased in somatosensory area (ch31 and ch35, P<0.10), 
which is strongly associated with body senses, being responsible for processing sensory 
information such as smell, taste, touch, vision, and sound. Furthermore, the CBF was 
activated in the cognition area (ch38, P<0.10 and ch40, P<0.05) which controls object 
recognition. In contrast, the stimulation with the green-yellow plants showed activity in brain 
areas including the motor area (ch17, P<0.01) which controls muscles on the left side and the 
cognition area (ch40, P<0.05), while the cerebral activity was sedated in the memory area 
(ch19, P<0.10) which controls emotional memory. However, once the participants glimpsed 
the bright green plants, the cerebral activity was sedated in the motor area (ch13, P<0.01), 
while it was increased in cognition area (ch40, P<0.05). When participants were shown the 
green-red plants, cerebral activity was activated in the judgment area (ch4, P<0.05) and 
cognition area (ch41, P<0.10), but was sedated in the memory area (ch19, P<0.05). The red 
plant had the opposite effect of triggering a more relaxed evidently by the activation in the 
judgment area that controls concentration and attention. It is apparent that the CBF was 
activated in the cognition area while participants were viewing green-white, green-yellow, 
bright green and red plants. However, in the presence of the green-white, the CBF was 
sedated in the visual area which integrates visual information, giving meaning to what is seen 
by relating the current stimulus to past experiences and knowledge. The current results are 
generally consistent with those of Phan et al., (2002) and Reiman et al., (1997) which mainly 
found that in the lateral surface of the hemispheres, the oxy-Hb in the occipital cortex 
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response to visually evocative stimuli, but that activation in the area was independent of the 
type of emotion.  
4.3.4.2 Female participants 
 Female participants showed some different patterns of cerebral responses compared with 
males when viewing the same plant colors. When female subjects were viewing the dark 
green plants, the cerebral activity was activated in the premotor (ch12, P<0.01), and cognition 
areas (ch40, P<0.05), while it was sedated in the somatosensory area (ch31, P<0.10). In 
addition, when the participants were viewing the green-white plants, the cerebral activity was 
sedated in the somatosensory area (ch26, P<0.05, ch27 and ch30 P<0.10), which controls 
body senses on the left side as well as of face, lips and tongue sense, and the vision area 
(ch47, P<0.05) which involves specifically in perception of color and vision motion, 
however, the cerebral activity was activated in the judgment area (ch9, P<0.10). Regarding 
the green-yellow plant, when the participants were viewing it, the cerebral activity was 
significantly activated in the premotor area (ch16, P<0.05) which is especially important in 
the conditional motor tasks and controls motor and movement skills, and in the 
somatosensory area (ch27, P<0.10) which controls the sensation of the body and skin, while, 
it was sedated in the memory area (ch15, P<0.01). In the case of the bright green plant, the 
cerebral activity was limited, only activated in the motor area (ch20, P<0.10). Finally, when 
the participants were viewing the red plants, the CBF was activated in the premotor (ch7 
and12, P<0.10) and motor areas (ch17, P<0.10). In contrast, it was sedated in the judgment, 
somatosensory and auditory areas (ch2, 27 and 28 respectively P<0.05), in addition to the 
auditory area (ch36, P<0.10). 
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Fig. 4.8 Changes in oxygenated hemoglobin (oxy-Hb) at the brain by vision of each color of 
Hedera helix for male and female participants. 
 
, Significant increases in oxyhemoglobin concentration at P<0.01;  , significant increases in oxyhemoglobin 
concentration at P<0.05; , significant increase in oxyhemoglobin at p<0.10; , significant decrease in 
oxyhemoglobin concentration at P<0.01; , significant decrease in oxyhemoglobin concentration at P<0.05; , 
significant decrease in oxyhemoglobin at P<0.10. 
4.3.5 Relationship among eye movement, impression response and brain activity of the 
participants in response to plant colors 
 The results of the relationship among eye movement, emotional status and brain activity 
in the presence of the plant color stimuli are summarized in table 5.1. The results of this study 
support those of the previous studies and confirm that different colors of plantscape can 
evoke different responses. It is apparent from this table that the CBF increment was 
correlated with the degree of attention settled by the participants with respect to the visual; 
the finding is line with the results of Bondy et al., (1974). Also, somatosensory area 
activation was found to be linked to the awareness of visual information, which increased 
duration and fixation of eye movements, a finding similar to results reported by Kleiser et al., 
(2001)
 
and Rees (2007). When male participants viewed the dark green plant, lower fixation 
numbers and shorter fixation durations of eye movement, along with sedation in oxy-Hb in 
the judgment area which controls concentration and attention were observed. This result was 
possibly because the color is common and ordinary in the subjects’ daily lives, as evidenced 
by the SD survey. These results are consistent with Ruggieri (1999) and suggest that eye 
53 
 
movement when human actively think about something is much active than that when human 
think about something passively. Furthermore, when the participants reported calm and relax 
in the presence of that plant in the SD survey, sedation was also observed in the feeling area, 
which is especially important in stimulating the feeling of relaxation. These results support 
the view that green plants could be incorporated further in parks or hospitals in order to 
provide relaxing and restorative surroundings. The findings of the current study are consistent 
with those of Li et al., (2012) and Kaufman and Lohr (2004) who concluded that green 
plantscape was more effective than other colors in promoting relaxation. 
On the other hand, while the participants reported that the green-white plants were 
associated with negative emotions such as passive, cool and weak, it was also observed that 
the CBF was sedated in the motor area which controls muscles, in addition to the vision area, 
which involves specifically the perception of color and vision motion. In addition, in this case 
sedation was observed in the judgment area, which controls concentration and attention 
because the participants judged that the plant was ordinary. Saito (1996) further explained the 
possible influence of ancient Japanese religion and mythology on the Japanese attitude to 
white. A number of Saito's subjects in Taipei expressed a negative feeling toward white, 
indicating an association with the image of death. On the other hand, in the presence of the 
green-yellow plant, the CBF was increased in the motor area, as well; the participants 
reported that they feel exciting, active and strong. Consequently, yellow plantscapes could be 
incorporated in children’s activity areas and in the office to improve energy and employees’ 
productivity. Additionally, when participants felt that red plants are characteristic and 
distinctive, it was noted that the plant received more attention and concentration, as 
evidenced by the CBF increment in the judgment area. These results are in accord with those 
of Kuller et al., (2009) who found that red color put the brain into more excited state. 
Therefore, red plants could be used in situations where high concentration is required, as well 
as to create a luxurious environment. Finally it was observed that the CBF was activated in 
the cognition area (which involves all aspects of perception, thinking, reasoning, and 
remembering) in the presence of all plants except the dark green one because the participants 
felt that the green color was too commonplace. The authors found that the amount of 
attention paid during the execution of the task significantly affected the oxyhemoglobin 
concentration, thus providing that the occipital activity can be influenced by attentional 
processes (Cutini et al., 2012).     
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For female participants, nevertheless, dark green plants were effective in promoting a 
sense of strength, as evidenced by the cerebral activation in the premotor area of the brain. 
According to the SD survey, the green-white plant was preferred by the participants overall, 
and the participants’ impression was supported by the cerebral activation in the judgment 
area, which controls concentration, attention and interest, and the cognition area which 
involves all aspects of perception, thinking, reasoning, and remembering. In contrast, 
sedation was observed in the somatosensory area, which is involved in the integration of 
sensory information and in the vision area. These results indicate that green-white plants can 
diminish the sensation of body or skin (FitzGerald, 1996). Other SD survey results concern 
the green- yellow and bright green plants, both varieties invoking exciting, active and strong 
feelings, which was supported by the activation in the premotor and motor areas of the brain. 
Finally, while the participants were viewing the red plants, the cerebral activity tended to 
decrease in the judgment, somatosensory and auditory areas. In addition, this color was 
associated with the most negative description according to the observers' impression; the 
participants reported they disliked it. Interestingly, it is apparent that oxy-Hb concentration 
tended to diminish in judgment, somatosensory and auditory areas when the participants were 
in a state of feeling unsteady, unquiet and uncomfortable, the impression being of dislike for 
the object. There are similarities between the attitudes expressed by the participants in this 
study and those described by Suzuki’s et al., (2005) who examined brain activity during 
semantic differential rating of drawing stimuli containing different affective polarities. They 
reported that oxyhemoglobin concentration was lower around the right superior temporal and 
partial regions and especially in the somatosensory and auditory areas when subjects were 
viewing a noisy or temperamental picture. Recent studies have demonstrated that the brain is 
predominantly activated by unfavorite colors over favorite colors (Kim et al., 2012). 
Although, positive and negative emotions appear to be associated with different styles of 
processing information, it is apparent that, in this study, the brain activation patterns in 
response to visual stimulation with favorite and unfavorite colors were different from each 
other. The results revealed that the oxy-Hb increased and the brain was activated in the case 
of positive emotions and vice versa, pleasant and unpleasant emotions based on cerebral 
activity. 
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Table 4. 1 Relationship among eye movement, impression response and brain activity of the 
participants in the presence of the plantscape colors. 
 
Activation of brain blood flow,  sedation of brain blood flow 
4.4 Conclusion 
Studies have shown that plants have both physiological and psychological benefits for 
people. Such studies have investigated the value of plants or flower colors in human being. 
But they typically have not considered how the color might also influence eye movement, 
emotional status and brain activity of the individuals. This study focuses on the relation 
between plant variegation and human psycho-physiological functioning. Twenty-nine 
undergraduate students (14 males and 15 females) participated in this study to measure their 
psycho-physiological responses to five different foliage colors of Hedera helix L. Each plant 
was presented for 60 sec in no particular order, during the exposure time eye movements 
were recorded by eye mark recorder as well as 47 channels of near-infrared spectroscopy 
(NIRS) were used to measure the brain activity in the frontal, temporal, parietal and occipital 
lobes. The participants were asked to describe their impressions towards each plant category 
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on a five-point scale based on the semantic differential questionnaire (SD). The results 
showed that the participants pay less attention through eye movements for the common and 
ordinary colors. The cerebral blood flow (CBF) increment was correlated with the degree of 
attention settled by the participants to the visual. The results also revealed that variant 
responses for each color in both eye movements and brain activity. Moreover each color 
correlated with some emotional responses, thereby each color is recommended for specific 
situations. The outcome may have some practical applications to the environment. The dark 
green colored plants can be used to make a place more relaxing and calming. While, the 
green-yellow and bright green colored plants can be used to make a place more pleasant, 
exciting and brightness additionally, they increase a sense of strength. On the other hand, the 
red plants can be used in a place where high concentration are required and to create a 
luxurious environment. 
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CHAPTER 5 
 
THE VISUAL EFFECTS OF GROUP PLANT 
VARIEGATION ON EGYPTIAN PEOPLE 
PSYCHO-PHYSIOLOGICAL RESPONSES 
  
58 
 
The visual effects of group plant variegation on Egyptian people psycho-
physiological responses 
5.1 Introduction 
The positive effects of plants on human being can be traced back to the European healing 
garden in the middle ages (Marcus and Marni, 1999). A number of published studies have 
suggested that the nature in general had positive influences in addition; it can relieve stress 
and mental fatigue (Kaplan, 1993; Ulrich, 1983; Adachi et al., 2000; Kaplan, 2001). It has 
been well documented that a greener environment encourages individuals to be more 
physically active, provides the sensation of relaxation, contradicts competition and makes 
people open for reflection (Shibata and Suzuki, 2001); speed up recovery from stress 
(Gezondheidsraad, 2004, Sibel and Ali, 2010 and Lohr and Pearson-Mims, 2000). People 
have begun to use plants to decorate the office environment since 1960s (Larsen et al., 1998). 
Plants have been proved lead to office workers’ attentiveness improvement and productivity 
(Pearson-Mims and Lohr, 2000; Chang and Chen, 2005); stress recovery and anxiety relief 
(Fjeld et al., 1998; Shin, 2007). Natural scenery improved the level of satisfaction with class 
room environment and stimulated positive feelings among university students (Doxey et al., 
2009). Most of the above studies have explored the visual effects of natural landscape or 
indoor plants on individuals. However, a few studies have specifically investigated the 
impacts of plant colors on human being. The ancient Egyptian healer known from thousands 
of years ago that each color has its own transformation and healing characteristics. The color 
yellow strongly stimulates happiness and brings on a sense of security and well-being. 
Additionally, it is thought to enhance children's ability to perceive and understand. 
Alternately, the color red is used to energize and stimulate. It affects the heart by increasing 
the rate of the pulse and the muscles by increasing their tension. The vibrant color also 
influences vitality and increases body temperature. It is mainly used to develop excitement 
and sensuality (Ancient Egyptian energy healing color, 2009). Recently it was reported that 
green plants are most useful for improving cerebral activity and creating a relaxed 
environment (Hye et al., 2012). Chrysanthemum with yellow flowers could promote the 
appetite and phonation of mental patient who lived in the intensive care unit (Talbott et al., 
1976). Surveys such as that conducted by Todorova et al., (2004) showed that users prefer the 
bright colored flowers while to determine the viewers’ preferences to the color scheme of 
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street planting. Furthermore, in a survey of flower sales, Behe et al., (1992) found that flower 
color was the primary factor that affected consumer’ shopping decision. Kaufman and Lohr 
(2004) conducted numerous studies on the effects of tree colors. According to their study 
conclusions trees with colors such as green and red were more preferable to the eyes of the 
beholder rather than colors such as purple and brown. Consequently, it is definitely factual 
that the plant colors have both psychological and physiological benefits for the viewer. 
In recent years, there has been an increasing interest to study the psycho-physiological 
effects of plant colors on human being so, study the impact of colors on eye movements and 
brain activity are being actively pursued in order to determine color effects on human psycho-
physiological responses. Eye movements which provide the simplest and the most accurate 
way to extract information from the participant’s visual environment and largely determine 
which of the selected information is due for further processing (Merchant, 2011). As the 
visual information perceived by the eyes is transferred to the brain, the cerebral responses are 
measured while the participants are viewing each color. The functional neuroanatomy of 
emotion was widely examined using the blood oxygen level-dependent functional magnetic 
resonance imaging (Davie and Whalen, 2001; Pessoa et al., 2002; Phan et al., 2002). The use 
of near-infrared spectroscopy (NIRS) is being widely explored and used for different types of 
data collection and analysis. This non-invasive technique uses near-infrared light to evaluate 
the fluctuation of oxygenated hemoglobin and/or deoxygenated hemoglobin in tissues below 
the body surface. Semantic differential (SD) scale which is one of the most common methods 
that are widely used for measuring the connotative meaning of various stimuli (Osgood and 
Suci, 1957). Several studies have effectively used similar methods to describe emotional 
responses to therapeutic inﬂuences in horticultural therapy (Kim and Lee, 2009) in addition to 
consumer preferences (Park and Mattson, 2009). 
It is becoming increasingly difficult to ignore the color of different elements of people’s 
daily lives and the effects they have on them. Simply because that it is an inseparable part of 
our lives and a part of everything we perceive. Furthermore, color is indeed an important 
component of our built environment, and without the presence of color, our environment 
would be dull and depressing (Chuck and Helena, 2010). Nevertheless, each approach 
produces unique responses in blood pressure, heart rate, emotional status and brain activity. 
Although several studies highlight differential effects of different flower colors and how 
people perceive them, there are a limited number of studies about the effects of foliage colors 
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on human being. The aim of this study is to explore the impacts of different foliage colors i.e. 
dark green, green-white, green-yellow, bright green and red on human psychological and 
physiological responses. The finding may lead to better understanding of how foliage color 
affects human being furthermore, it can help landscape designers select the suitable plant 
color. 
5.2 Materials and Methods 
5.2.1 Design and experimental setting 
 The experiment was conducted in a screened room at Chiba University, Japan where 
subjects would be exposed to the fewest external influences and go through the test under the 
same conditions. In the middle of the shield room (59.4)
2
, with a white ceiling and walls, a 
chair was set for the subject 50 cm away from the plants (Fig. 5.1). The psychological and 
physiological recording devices were placed behind the participants to minimize interference 
from the instruments. The temperature and relative humidity in the room were maintained at 
    F and 55% respectively throughout the experiments. 
 
Fig. 5.1 Experimental setting, instruments installing, measuring of brain activity and eye 
movements recording during exposure to stimuli. 
5.2.2 Participants  
Twenty right-handed Egyptian males who were between the ages of 22 and 37 years old 
were participated in this study after being informed about and signing a written consent form 
providing the details of the experiment. All subjects were healthy with normal or corrected-
61 
 
to-normal vision, with no history of neurological or psychiatric disorders. Graduate 
volunteers students were recruited by a flyer, from various graduate courses of Japanese 
universities. The limits the generalization of the study but had the advantage of reducing 
confounding variables resulting from gender, age and culture. The experiment was approved 
by the university’s ethical review board. 
5.2.3 Stimuli 
In order to present different plant colors stimuli of the same shape to the participants (to 
distinguish color effects only), five varieties with different foliage colors of Hedera helix L. 
were selected. Pittsburgh (dark green), glacier (green-white), gold child (green-yellow), light 
finger (bright green), and Pittsburgh (red) were used as visual stimuli to evoke the 
participants’ psychological and physiological responses (Fig. 5.2). Twenty four samples of a 
single plant were put into one tray with the dimensions of sixty by forty squared centimeters 
in order to make a group and to show it as one for each plant color (Fig. 5.1). The plants were 
presented in a black background. A tray without plants was displayed for 1 min before each 
plant group as the controlled factor. 
 
Fig. 5.2 Hedera helix L. varieties used in the experiment as visual stimuli. 
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5.2.4 Measures  
 Eye movements, reflecting conscious and unconscious reactions to visual stimuli, were 
tracked to analyze cognitive characteristics of the effects of each color. Eye fixation numbers 
and eye fixation durations were recorded using an Eye Mark Recorder with the cornea and 
pupillary reflex method (EMR-9, NAC Image Technology Co., Ltd. Japan). Changes in 
cerebral activity resulting from the visual stimuli were measured by multichannel near-
infrared spectroscopy (NIRS; OMM-2001; Shimadzu Co., Ltd., Japan). Unlike contingent 
negative variation that is known as electroencephalogram that uses minute magnetic fields 
occurring from ion electronic charges in the cerebral blood flow (CBF), NIRS directly 
monitors regional relative changes of hemoglobin concentration in the cerebral blood flow 
(Villringer and Dirnafl, 1995). This method requires only compact experimental systems but 
is less restrictive, allowing the subject to freely move in his or her seat, unlike functional 
magnetic resonance imaging and positron emission tomography testing which require 
subjects to remain in a supine position (Nakamura, 1996; Okamoto et al., 2004). 
Measurement was limited to the right hemisphere of the brain only due to its control over 
emotion and image creation (Silberman and Weingartner, 1986; Tucker, 1981). Forty seven 
measurement locations, referred to as channels were located in the frontal, parietal, temporal, 
and occipital lobes (Fig. 5.3). These brain locations correspond with feeling, judgment, 
premotor, motor, somatosensory, cognition, visual, auditory, and memory functions (Caplan, 
1993 and Shepherd, 1901). 
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Fig. 5.3 Localization of functions in the brain. According to the theory of localization of 
the brain function, 47 channels corresponded with feeling (ch1, 3), judgment (ch2, 4, 5, 6, 8, 
9), premotor (ch7, 11, 12, 16), motor (ch13, 17, 18, 20, 21), somatosensory (ch22, 25, 26, 27, 
29, 30, 31, 34, 35),memory (ch15, 19, 23, 24, 33), cognition (ch38, 39, 40, 41, 43), visual 
(ch42, 44, 45, 46, 47), auditory (ch28, 32, 36, 37), and speech (Broca, ch10, 14) functions. 
The direct impressions evoked by the plant color were examined via the questionnaire 
using semantic differential (SD) methods, which have been found to be a reliable and valid 
way to quantify subjective feelings about external stimuli (Kang and Zhang, 2010; Lee and 
Park, 2011; Snider and Osgood, 1969). In this study, 17 pairs of contrary adjectives were 
used, designed to rate the participants’ feelings and impressions on a five-point scale from 1 
(most positive) to 5 (most negative) (Hye et al., 2012; Jo and Fujii, 2007). 
5.2.5 Procedures 
The experimenter provided a full explanation of the objective of the experiment, the 
procedure and how the instruments will be used, while helping the participant to adapt to the 
experimental environment. They were fitted with the NIRS probes and eye movement’s 
detector (Fig. 5.1). The measuring conditions of cerebral activities were checked and 
calibration for eye movement was carried out. Subjects were asked to relax, close their eyes, 
and limit their movements. While the participant rested with his eyes closed, the first plant 
category was placed on a table covered with a black cloth at the participant’s eye level to 
ensure a straight line of the sight of the object without having to move his head. After the 
NIRS monitor confirmed that cerebral activity was stable, the participant was asked to open 
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his eyes. The CBF and eye movement results were recorded for 60 seconds, after being asked 
to close his eyes the instruments stopped recording eye movement and CBF. Then the second 
plant category was tested, the sequence being repeated with each color. The order in which 
the plants were presented was random. After completing the psycho-physiological responses, 
each participant was asked to fill out the SD questionnaire (14 pairs of adjective) for each 
plant variety and then move to the next in the same order as he watched them. The 
experiment required forty minutes for each individual participant as shown in Fig. 5.4. 
 
Fig. 5.4 Timeline (in minutes) of the psychological and physiological measurement during 
exposure to the plant varieties.  
5.2.6 Statistical analysis 
Twenty different eye movement data were collected for analysis. The number of eye 
fixation since the visual points fixed for 0.2 sec or longer on the visual stimulus, this is based 
on the fact that more than 0.2 sec is required to consciously recognize the stimuli (Yarbus, 
1962) and eye fixation duration for 1 min after exposure to the visual stimuli were analyzed 
by EMR-dFactory ver. 2.0. Steel-Dwass multiple comparison test was used to analyze eye 
movement characteristics of the participants. Regarding CBF, the data was analyzed 
separately for each channel (ch). The cerebral changes during exposure to the plant categories 
were examined by comparing the means of each 30-second interval starting with the last 30 
second of the rest period before plants presentation. This was assumed to represent the most 
stable states of the brain and physiological activity during the rest period. A paired t-test 
(two-sided) was used to compare the physiological changes between rest and exposure 
periods. The cerebral activity analysis used oxygenated hemoglobin (oxy-Hb) changes as the 
index of cerebral changes, where increased oxy-Hb is associated with increased cerebral 
activity. The changes were separately computed in 47 measurement locations of the brain. 
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The Wilcoxon Signed Rank-Sum test was applied for the comparison of the SD scoring 
among the plant groups. Statistical validation of psychological data, physiological data and 
verbal evaluation were established at P < 0.01, P < 0.05 and P < 0.10 respectively. 
5.3 Results and Discussion 
5.3.1 Eye movement 
Based on the results obtained from the participants’ responses as shown in fig. 5.5 and 5.6, 
significant differences were found between dark green and both groups, green-yellow (P= 
0.080), and bright green plants (P= 0.091). It is apparent that the green-yellow and bright 
green plants resulted in longer fixation duration of eye movement compared to dark green 
plants. On the other hand, regarding eye fixation numbers, there are significant differences 
between dark green and green-yellow (P=0.090), green-white and green-yellow (P=0.064), 
green-white and bright green (P=0.065), and between white and red plants (P=0.012). These 
results indicate that the participants carefully saw and observed the details of the green-
yellow and bright green plants, because of the long fixation duration and high fixation 
number. Although, the view of plant verities is fairly similar, different results in eye 
movements were obtained. It means that different colors or variation in color makes some 
view interesting, attractive and fascinating as in the case of the green-yellow and bright green 
plants, while, it makes others not attractive as in the case of the dark green and green-white 
plants evidently by the lower numbers and shorter durations of eye fixation. Overall, resulting 
from longer fixation duration and higher fixation number of eye movement revealed that the 
participants spend more time interpreting or relating the visual representation to internalized 
representation. The extra fixation duration on plants may be correlated with the detailed 
analysis of color features. The results of this study are in harmony with those of a previous 
study by Mackworth and Morandi (1967) which compares between visual fixation and verbal 
estimates of the relative importance of regions within photographs. The study proved that the 
regions that classified as out a lot of information were produced the highest fixation 
frequency. Also, Baker and Lobe (1973) noted considerable correlations between ratings of 
the importance of sections of geometric forms and durations of fixations on those sections. 
 
66 
 
 
**, Significant differences P<0.01; *, significant differences P<0.10  
Fig. 5.5 Comparison averages of eye fixation durations (Y axis) of the participants among 
Hedera helix varieties(X axis) 
 
**, Significant differences P<0.01; *, significant differences P<0.10 
Fig. 5.6 Comparison averages of eye fixation numbers of the participants (Y axis) among 
Hedera helix varieties (X axis)  
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5.3.2 Analysis of the psychological survey of emotional words 
Figure 5.7 shows the psychological survey results of the responses to the fourteen pairs of 
emotional words that were provided in association with the stimuli of the five different 
colors. 
Based on the results obtained from the participants’ responses, the dark green colored 
plants primarily were described as, common, dark color and elicited a feeling of strength, 
while the green-white colored plants were associated with the most negative emotional 
responses because it was evaluated as sadness, ugly, passive, cool and weak. In addition, the 
participants disliked that color. The green-yellow and bright green colored plants were 
generally seen to be bright, natural and evoked mainly positive emotions such as cheerful, 
calm, stable, beautiful, active, comfortable, and a feeling of spaciousness. Given such 
feedback, the two colors were favored by most of the participants. On the other hand, the red 
colored plants were highly affiliated with the descriptive words dark, unsteady, unquiet and 
elicited the feeling of tension. Given the above, it is beyond question that colors and their 
shades have impacts on emotional stability and well-being. Based on the above observations, 
it is needless to claim that environment with green-yellow or bright green colored 
plantscaping stimulates positive feelings such as calmness, cheerfulness and exuberant 
energy as opposed to the other colors. Several studies have noted that the plant colors have a 
direct effect on the viewer's emotions. The participants of this study indicated that the bright 
green plants have the highest visual quality followed by the green-yellow plants. 
Additionally, it was reported that in the presence of both plant groups, the overall attitude is 
leaning positively. The findings of the current study are consistent with those of Song’s 
(2004) and Li’s et al., (2012) studies, which concluded that scenery containing bright green 
plants is strongly associated with feelings of comfort. Moreover, visual stimuli with the 
colors yellow and green induced feelings of steadiness, cheerfulness and calmness (Lee and 
Son, 1999). Also, Boyatzis and Varghese (1994) and Hemphill (1996) found that bright 
colors elicited mainly positive emotional associations while, dark colors provoked negative 
emotional associations, confirming the found results.  
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Fig. 5.7 Mean score of semantic differential (SD) scale used by 20 Egyptian male 
participants to describe Hedera helix verities. The SD scale was used to evaluate the direct 
impressions evoked by different foliage colors using 14 pairs of contrasting adjectives on 
scales ranging from 1 to 5. The mean scores indicate the impression of plant color, and 
significant differences were verified by Wilcoxon signed-rank test (two-sided). 
5.3.3 Changes to cerebral blood flow by vision 
As can be seen in fig. 5.8, the results of the CBF show the channels where the oxy-Hb 
significantly altered in response to plantscape colors. While the participants were viewing the 
dark green plants, the cerebral activity notably increased in the premotor area (ch12, P<0.01) 
which is important in the conditional motor tasks. Whereas, it was sedated in the memory 
area (ch 24, P<0.05), which controls emotional memory that related to feelings. 
On the other hand, while the participants were viewing the green-white plants, 
surprisingly, their oxy-Hb levels were found to be sedated in most areas of the brain. It was 
observed that the cerebral activity was significantly sedated in the feeling area (ch1 and 3 , 
P<0.05 and 0.01), judgment area (ch2,4,5,6 and 8, P<0.05) which controls concentration, 
attention and interest, premotor area (ch7 P<0.01), motor area (ch17, P<0.05), somatosensory 
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area (ch22 and 27, P<0.05) which controls processing sensory information such as smell, 
taste, touch, vision, and sound, auditory area (ch32 and 36 P<0.05) which is important for the 
sensation of sound, and in the cognition area (ch39, 41 and ch43, P<0.05) which helps for 
identification and recognition of objects. A possible explanation for this might be as 
suggested by Hoshi et al., (2011) that unpleasant emotions cause significant changes in oxy-
Hb more quickly than pleasant emotions. These findings are in agreement with the 
experiment’s results. Moreover, in the presence of the same plant, the oxy-Hb in the 
somatosensory area (ch 22 and 27 P<0.05) was found to be majorly sedated, which has a 
great importance for eliciting an awareness of tactile information, especially given their 
involvement in the conscious experience of the body and of its modulation as exemplified in 
references (Kleiser et al., 2001 and Rees, 2007). It is apparent that green-white plants result 
in diminishing the sensation of the body specifically the skin; which means that the 
participants did not care about the physical appearance of the plant. 
In addition, when participants were shown the green-yellow colored plants, the cerebral 
activity in the judgment (ch5 P<0.05), feeling area (ch3, P<0.05), memory area (ch24 
P<0.05), motor area (ch20, P<0. 05) which controls muscles on left side, somatosensory area 
(i.e. spatial sense) (ch 34, P< 0.05) which helps the participants to see and rotate the objects 
in their mind, and the cognition area (ch 41, P< 0.05) was sedated. On the other hand, the 
cerebral activity was sedated in the memory area (ch34, P<0.05), and cognition area (ch41, 
P<0.05), when the participants were viewing the bright green plants. Next, when the 
participants were viewing the red plants, it was observed that the cerebral activity was 
sedated in the memory area (ch24 P<0.05), although, it was increased in the motor area 
(ch20, P<0.05).  
The oxyhemoglobin saturation showed significant changes when plant conditions varied 
(Qin et al., 2013). The current study seems to be consistent with previous research study in 
the sense that a change in emotions, whether positive or negative, leads to a significant 
decrease in oxy-Hb (Herrman et al., 2008). Although, the obtained results differ from some 
published studies (Phan et al., 2002 and Reiman et al., 1997) which mainly discuss that in the 
lateral surface of the hemispheres, the oxy-Hb in occipital cortex change by visually 
evocative stimuli, whereas the activation in the area is independent of the type of emotion.  
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Plant 
      
Duration 
Dark green Green-white Green-yellow Bright green  Red 
0-30 sec 
     
30-60 
sec 
     
 , Significant increases in oxyhemoglobin concentration at P<0.01; , significant increases in 
oxyhemoglobin concentration at P<0.05; , significant decrease in oxyhemoglobin 
concentration at P<0.01; , significant decrease in oxyhemoglobin concentration at P<0.05. 
Fig. 5.8 Changes in oxygenated hemoglobin (oxyHb) concentration (cerebral activity) during 
exposure to different foliage colors. 
5.3.4 Relationship among eye movement, emotional status and brain activity in the 
present of the different plantscape colors 
The integration of the survey and measurements could on the one hand provide the 
participants’ evaluation and perception on the environment and on the other hand, it reflects 
the variation on physiological parameters under different conditions (Qin et al., 2013). As can 
be seen in Table 5.1, a clear observation of decreasing the amount of attention and eye 
movement of the participant in the presence of the dark green plants. When the subjects were 
seen the dark green plant, lower fixation number and shorter duration of eye movements were 
observed; possibly because the color is common in the subjects daily lives evidently by SD 
survey. These results are consistent with Ruggieri (1999) and suggest that eye movement 
when human actively think about something is much active than that when human think 
about something passively. Furthermore, when the participants reported a feeling of strength 
in the presence of the dark green plants, activation was observed in the premotor area which 
is especially important in the conditional motor tasks and control motor skills. 
71 
 
Further analysis shows that when the participants were viewing the green-white colored 
plants, the oxy-Hb level tended to decrease in most areas of the brain including the feeling, 
judgment, premotor, motor, somatosensory, auditory and cognition areas. In addition, the 
color of the plant was associated with the most negative description according to the 
observers' impression. The participants expressed a negative feeling towards the green-white 
colored plant, might be because white color in plants indicating unhealthy and dead plant or 
indicating an association with the image of death. These findings suggest that decreases in 
relaxation, concentration and creativity were associated with the lower activity in these parts 
of the brain, which control emotional responses and attention. Interestingly, it is apparent that 
oxy-Hb concentration tends to diminish in most areas of the brain when the participants were 
in a state of sadness, passive, tension or uncomfortable. There are similarities between the 
attitudes expressed by the participants in this study and those described by Suzuki’s et al., 
(2005) study, who examined the brain activity during semantic differential rating of drawing 
stimuli containing different affective polarities and reported that oxyhemoglobin 
concentration is lower around the right superior temporal and partial regions and especially in 
the somatosensory and auditory areas when subjects are viewing noisy or temperamental 
picture. In contrast, the findings of the current study do not support the previous research of 
Hoshi et al., (1998) who found that ﬂuctuations in the hemoglobin oxygenation state tend to 
diminish or even disappear when subjects were an emotional state of mind such as tension or 
vigor. Also, it has been hypothesized that the ﬂuctuations were related to spontaneous 
neuronal activity.  
Regarding eye movement characteristics, the results of the current study indicate that 
higher amounts of fixation number and longer duration of eye movements were caused by the 
observance of the green-yellow and bright green colored plants. In addition, the participants 
reported that the two mentioned colors stimulate most of the positive emotions. It means that 
the two plants are interesting and attractive more than the other colors. additionally, a 
sedation of oxy-Hb was noticed in the somatosensory area ( ch 34, the spatial sense) which is 
strongly in association with seeing the object in the participant’s mind, imagining what is 
looks like from different angles and recognizing the visual content entirely. In other words, in 
the presence of the discussed plants the participants reported that they feel that the place 
seems wider and roomy (a feeling of spaciousness). This is an important finding for those 
who are contemplating cultivating indoor plants and may be concerned about the spatial 
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implications. Moreover, green-yellow colored plants are effective in promoting relaxation 
evidently by the oxy-Hb sedation in feeling area. The results of the acquired data are in 
harmony with those of Hoshi’s et al., (2011) which dictated that pleasant emotions were 
followed by decreasing levels of oxy-Hb at two channels placed around the right ventrolateral 
prefrontal cortex. The following conclusions can be drawn from the present study, the green-
yellow colored plants and the bright green colored plants are visually more preferable than 
other colors, because of the positive effects they have on the participant’s psycho-
physiological responses. The above findings are in sync with the research study of Hye et al., 
(2012) which concluded with the fact that bright colored flowers directly affect the 
psychological happiness of the observer. On the other hand, in the presence of the red plant, 
the participants reported tension and unease emotions, interestingly; it is observed that the 
motor area which controls individual muscles and movement was activated. 
Limitation of the study. To reduce confounding variables, this experiment controlled the 
gender, age, and nationality of participants as well as environmental conditions such as noise, 
temperature, and humidity (Bocca and Battiston, 1964; Brand and Millot, 2001). In summary, 
as can be seen from the above results, it is definite that there are a relationship among eye 
movement, emotional status and brain activity. Everyday objects are inclined to get less 
attention by the vision, ascribed to the decreasing number of their eye fixations and durations 
as was the case of the dark green plant. Additionally, the lack of oxy-Hb in most areas of the 
brain when observing a particular object implies that the viewer develops negative feelings 
towards it, which in this case of the green-white plant. On the other hand, the positive 
emotions activate the brain areas which control feeling, emotion and recognition. The above 
was the effect that the green-yellow and the bright green colored plants had on their viewers. 
In addition, a sense of strength and tension were activated the areas of the brain that are 
responsible for movement and motor skills, such was observed when the participants were 
viewed the red colored plants and the dark green colored plants. In general, findings from this 
study support the previous studies and confirm that different colors of plantscapes could 
stimulate different reactions. Additionally, Plantscapes colors can be used to help people 
release stress and improve emotional and mental status. So, careful choice of plantscape color 
should be made during decorating the indoor environment. Green-yellow and bright green 
plantscapes were more effective than dark green, green-white and red plantscapes in 
promoting relaxation, increasing a feeling of happiness and spaciousness and creating a 
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luxurious environment as well attracting people's attention. Dark green and red plantscapes 
can be incorporated in children’s activity areas.  
 
Table 5.1 Relationship among eye movement, emotional status and brain activity in the 
present of the different plantscape colors 
Plants Brain activity 
(area) 
SD 
(questionnaire) 
Eye movement 
(Fixation) 
Dark green 
 Premotor 
 
Strong  
 -Common 
- Daily 
 Numbers  
Duratrion 
Green-white 
Feeling   
 Judgment 
 Premotor 
Motor 
 Somatosensory 
Auditory  
Cognition 
  
Negative emotions 
-Sadness 
-Passive 
-Tension 
-Uncomfortable 
Numbers  
 
Green-yellow 
  
Bright green 
 
 
 
 
Positive Emotions 
-Bright 
-Characteristic 
-Cheerful 
-Like 
-Comfortable 
 Numbers 
 Duration 
Somatosensory 
     (Spatial sense) 
Roomy  
Red 
 Motor  Tension 
Unease 
 
           Activation,  sedation  
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5.4 Conclusion 
To investigate the effects of plantscape variegation on psycho-physiological responses, five 
varieties with different foliage colors of Hedera helix were used in the experiment. Forty 
seven channels of near-infrared spectroscopy were used to measure the brain activity of 
twenty Egyptian males. The plants were presented for 60 seconds in no particular order, 
during the exposure the brain activities were measured and the eye movements were 
recorded. Additionally, fourteen pairs of adjectives on the semantic differential scale were 
used to measure emotional changes of the individuals. A statistical analysis showed that 
positive and negative emotions led to a significant decrease in cerebral blood flow. Green-
yellow and the bright green colored plants can be used in places where comfort, calmness are 
required. Additionally, they can be used to make a place more pleasant and to create a 
luxurious environment. Plants with dark green and red colors can be used to improve energy 
in some places, such as offices and children’s areas. On the contrary, the green-white plants 
stimulated most of negative feelings. The findings suggest that landscape and interiorscape 
designers pay more attention in choosing foliage colors during indoor decoration. 
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CHAPTER 6 
 
BRAIN ACTIVITY AND EMOTIONAL 
RESPONSES OF THE JAPANESE PEOPLE 
TOWARD TREES PRUNED USING SUKASHI 
TECHNIQUE 
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Brain activity and emotional responses of the Japanese people toward trees pruned 
using Sukashi technique 
6.1 Introduction 
The visible landscape is believed to affect human beings in many ways, including 
aesthetic appreciation, health and well-being. The positive effects of plants on people can be 
traced back to European garden in the middle age (Marcus and Marni, 1999). Marcus and 
Barnes (1995) reported that 69% of garden users believed that plants in the garden helped to 
relieve their feelings of depression and anxiety. The garden characteristics reflected thought 
and esthetical consciousness of countries’ population, who have designed and maintained 
over the years. The designs of Japanese gardens are central to appreciation and respect for 
nature. The traditional Japanese garden combines characteristics which have been developed 
over many centuries and which reflect the different influences prevailing during particular 
periods of history. The composition characteristics of Japanese garden includes, 1) 
asymmetrical composition, 2) continuous composition from building to garden, 3) natural 
shape of pond, stream, lakeshore, and artificial mountain, and 4) maintaining and composing 
the inner space. Bonsai established a link between art and science, over 2000 years ago china 
has the technology for bonsai cultivation, and then Japanese contributed an extraordinary role 
in refining the art of china for bonsai. Therefore, became an important part of Japanese life by 
being displayed on specially designed shelves. Bonsai has tremendous commercial potential 
for its ornamental value (Prasann and Padmanabh 2011). The Japanese are masters to change 
the sense of depth, distance and size of the park from the viewer’s perspective.  The Japanese 
gardeners give such attention to pruning for several reasons.  First of all, it controls the size 
of the plant in keeping with the overall design of the garden. Secondly, it opens up the plant 
to light and air.  Thirdly, it may expose the beauty of the plant in its branching habits 
(Olympia, 2007). Pruning is both the art and science of removing plant parts (for example, 
branches, stems, roots, buds, leaves, flowers, and fruit) for a specific purpose. The science 
involves the understanding of the plant’s biological response to pruning, while the art 
involves understanding the plant’s natural form and shape. Sukashi, which is an original 
pruning technique of Japan that create natural tree form by suppressing the tree’s growth in a 
small scale garden, is a critical element for composing a natural style Japanese garden. This 
lead to the hypothesis that the Sukashi pruning might have distinctive visual cognitive effect 
on the Japanese individuals. The esthetical consciousness is discovered in human’s 
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physiological and psychological responses, so, many studies on the differences of the 
esthetical consciousness have been demonstrated through the cognitive psychological 
approaches (Jo et al., 2010; Fujii et al., 1985). Significant increases in cerebral blood flow 
(CBF) accompany brain activity, the direct relationship between CBF and brain activity has 
been known since 1881(Lin et al., 2012). The purpose of the present study was to examine 
the visual cognitive characteristics of the Japanese individuals toward the Sukashi pruning 
technique through brain activity and impressions. Moreover, our results may provide a better 
understanding of the esthetical consciousness of the Japanese individuals. 
6.2 Materials and Methods 
6.2.1 Experimental setting 
The experiment was conducted in the electromagnetic shield room at graduated school of 
Horticulture, Chiba University, Japan. The room was well-lit and ventilated. The conditions 
in the room were maintained constantly at 25°C and 50% humidity throughout the 
experiment. There were no windows in the room, the room was kept quite to ensure that the 
participants were free from the outside disturbance. The distance between the participant's 
chair and the trees was 100 cm so that they could see the entire tree without moving their 
heads. The angle of elevation and depression were set at 4° and 32°, respectively (Fig. 6.1). 
All equipments were placed behind the participants in order to reduce the interference from 
the instruments,  
6.2.2 Participants 
Thirty two healthy subjects (20 males and 12 females) had normal or corrected-to-normal 
vision participated in this study. They were volunteer college students at graduated school of 
Horticulture, Chiba University, Japan. Their ages average (Mean±SD, 20.2 ±2.3) years old. 
No subject had a history of neurological, major medical or psychiatric disorders; none were 
taking medication at the time of measurement. The procedure and scientific background for 
the experiments were fully explained to each subject and a signed agreement for participation 
was obtained prior to the experiments. The research protocol was approved by the Ethics 
Committee of Chiba University. 
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6.2.3 Visual stimuli 
Two different forms of Pine trees (Pinus thunbergii), with similar color were selected as 
visual stimuli to evoke participants’ psycho-physiological reactions (Fig. 6.2; Tab. 6.1). One 
of those trees was pruned using the Sukashi technique (PS); the other one was left without 
pruning (PN). All visual stimuli were placed on a table covered with black cloth at the 
participants' eye level.  
Table 6.1. The height and width of visual stimuli (Pinus thunbergii) 
  Height (cm) Width (cm) 
Pine tree 
(Pinus thunbergii) 
PS 
PN 
95 
86 
108 
106 
 
 
      Fig. 6.1. Experimental setting                                   Fig. 62. Visual stimuli that  
                                                                                        participants viewed in the experiments                                 
                                                                        PS, Pine tree pruned using the Sukashi technique;              
                                                                        PN, Pine tree that was not pruned     
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6.2.4 Physiological reactions 
Near-infrared spectroscopy (NIRS) is a method that enables functional imaging of brain 
activity (Villringer and Chance, 1997). It measure changes in the concentration of oxy-
hemoglobin (oxy-Hb) and deoxy-hemoglobin (deoxy-Hb), in the blood flow volume of 
cerebrum, reflecting the changes in neurophysiological activity, which was less restrictive 
and burdensome to the participants due to the simplicity in wearing the electrodes (Nakamura, 
1996). NIRS, (OMM-2001, Shimadzu, Co., Ltd. Japan) with 47 channels (ch), were set over 
the frontal lobe, parietal lobe, temporal lobe, and occipital lobe of the right hemisphere to 
measure the location of cerebral activity (Figs 6.1 and 6.3) (Trucker, 1981 and Caplan, 1993). 
6.2.5 Psychological reactions 
Verbal evaluation using the semantic differential (SD) method was conducted after the 
physiological measurements to test subjects’ psychological conditions. The questionnaire was 
composed of 15 questions asking the participants to rate their feelings on five-point scales 
(Snider and Osgood 1969). 
 
Fig. 6.3. Localization of functions in the brain 
6.2.6 Experimental procedure 
The experimenter provided a full explanation of the experiment, the purpose of the study, 
measurement process, and other matters that required attention to each participant, while 
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helping the participant to adapt fully to the new environment. During this time the NIRS 
electrodes were installed (Fig. 6.1). The measuring conditions of cerebral activity were 
checked. Before the experiment began, the participant rested for 2 min with his/her eyes 
closed. Then, the first visual stimulus was prepared and placed in front of the participant. 
Then, given a signal to open his/her eyes, the cerebral responses were recorded while the 
participant observed the visual stimulus for 2 min, then the instrument stopped recording the 
physiological condition. Finally, the participant was asked to fill out the SD questionnaire. 
This procedure was conducted for both tree patterns; the order that trees were presented was 
random based on the consideration of order effect. The control group for this experiment was 
the physiological recordings while subjects were shown a black box. The experiment required 
about 30 min for each subject.  
6.2.7 Statistical analysis 
To examine whether there were significant changes in NIRS parameters (oxy-Hb), we first 
compared data during the baseline 30 s before the visual stimuli, with 0 to 30 s and 30 to 60 s 
after watching the visual stimuli for each channel by using paired t-test, individually. 
Wilcoxon signed rank-sum test was applied for the comparison of the SD scoring between the 
Sukashi pruned tree and the unpruned one. Statistical validities of physiological data and 
verbal evaluation were established at P < 0.10 and P < 0.05, respectively. 
6.3 Results and Discussions 
6.3.1 Physiological responses 
Results of paired sample t-test revealed that both plants had influence on brain activity. 
Table 6.2; summarize the results of cerebral activity with respect to the tree pruned via the 
Sukashi technique and tree that was not pruned. While male participants were viewing the 
pruned tree, the cerebral activities showed significant sedation at the feeling (30-60sec, ch1, P 
< 0.10) and the judgment (0-30sec, ch5, P < 0.10) areas, however it were activated at the 
visual (0-30sec, ch47, P < 0.10) and the cognition areas (30-60sec, ch38, P <0.05) of the 
cerebrum. Whereas, when they were viewing the unpruned one, the cerebral activities were 
distinctly sedated in the somatosensory area (0-30sec, ch22, 26, 27, 30, P < 0.10; 30-60sec, 
ch26, 27, 30, P < 0.10) and were activated in the visual (0-30sec, ch45, P < 0.10, ch47, P < 
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0.05; 30-60sec, ch42, P < 0.05, ch45, P < 0.10) and cognition areas (30-60sec, ch43, P < 
0.05).  
Regarding, female participants, the CBF was similar to a large degree with male 
participants, that's where, when they were viewing the pruned tree, the cerebral activities 
were significantly sedated at the feeling (30-60sec., ch1, P < 0.10), judgment (0-30sec, ch2, P 
< 0.10), memory (0-30sec, 30-60sec., ch15, P < 0.05), and visual (0-30sec, ch47, P < 0.10) 
areas, furthermore these were activated in the cognition area (0-30sec, ch41, P < 0.10). 
However, when they viewing the unpruned tree, the cerebral activity were significantly 
sedated at feeling (0-30 sc, 30-60sec, ch3, P < 0.10), judgment (0-30sec, ch6, P < 0.10), 
memory (0-30sec., 30-60sec, ch33, P < 0.10), auditory (30-60sec, ch32, 37, P < 0.10) and 
cognition areas (30-60sec, ch39, 41,  P < 0.10).  
This cerebral responses of male and female participants revealed that the pruned trees 
provided a relaxing effect through the sedation of CBF at the feeling area, while unpruned 
tree diminished the sensations of skin and body and stimulated visual function evidenced by 
CBF decreased at the somatosensory area that involved in the integration of sensory 
information (FitzGerald, 1996). Furthermore, a study by Hoshi (2002) distinguished pleasant 
and unpleasant human emotions based on cerebral blood flow. The author found that, very 
unpleasant emotion was followed by increases in oxy-Hb at channel which were placed 
around the right prefrontal cortex, while a very pleasant and high elated emotion was 
accompanied by a decrease in oxy-Hb. This results are in full agreement with those of the 
current study, our results showed that the participants had a significant decreased of cerebral 
blood flow in the feeling area (ch 1) when they were viewing pruned tree. These results 
indicated that the participants felt pleasure when they viewed the pruned tree. In contrast, the 
CBF decreased at the somatosensory area, at the time of viewing the unpruned tree, which 
indicated that their body or skin sensations were decreased. 
It is concluded that when male and female participants were viewing a pruned tree via 
Sukashi, they experience a sense that promotes relaxation, pleasure and a strong positive 
feeling, and also their brains were calmer than in the presence of unpruned one. 
 
82 
 
Fig. 6.4. Changes to cerebral activities by vision of trees that were either not pruned or 
pruned using the Sukashi technique between male and female subjects 
Time 
 
Gender 
PS PN 
Male Female Male Female 
0-30 sec. 
    
30-60 sec. 
    
PN, Pine tree that was not pruned; PS, Pin tree pruned using the Sukashi technique 
, Significant increases in oxyhemoglobin concentration at P < 0.05; , significant decrease 
in oxyhemoglobin concentration at P < 0.05; , significant increase in oxyhemoglobin 
concentration at P < 0.10; , significant decrease in oxyhemoglobin concentration at P < 
0.10. 
 
6.3.2 Psychological reactions 
Fig. 6.4 illustrates the differences between male and female participants' impressions 
toward the Sukashi pruned tree and the unpruned trees assessed using the SD questionnaire. 
Regarding the impression of male participants, they reported that they preferred the pruned 
tree over the unpruned one (P < 0.01), and that they had an organized impression of the 
pruned tree (P < 0.05). On the other hand, concerning female participants’ impressions, both 
trees were favorites for females, furthermore they reported that the pruned tree is strongly 
associated with feelings of comfort and roomy, moreover, it provided deep, brightness, 
refreshed (P < 0.01) and clean (P < 0.05) impressions. Whereas the unpruned tree was 
stronger than the pruned one (P < 0.01). Overall, Fig. 4 clearly indicates that as far as 
conscious impressions of male and female participants were concerned, the gardens 
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containing trees pruned via Sukashi technique induced feelings of comfort, brightness, 
refreshment, organized and roomy compared with those containing unpruned tree. 
The results showed that the forms of trees selected for the study clearly have different 
physiological and psychological impacts on human being. As the findings observed in the 
previous studies Orians (1998); Summit and Sommer (1999); Lohr and Pearson-Mims (2006) 
declared spreading as the most preferred tree form and columnar and conical as the least 
preferred tree form. Furthermore Muderrisoglu et al., (2006), reported that pyramid-formed 
trees are the most preferred ones whereas spreading-formed trees are the least preferred ones. 
These different results show that studies about forms of plants should be repeated in different 
societies. 
 
Fig. 6.5. Semantic differential scale used by 32 Japanese males (left) and females (right) to 
describe trees pruned via the Sukashi technique or unpruned one. 
PS, Pine tree pruned using the Sukashi technique; PN, Pine tree that was not pruned; **, P < 
0.01; *, P < 0.05. 
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6.4 Conclusion 
Several studies on people–plant interactions have shown that viewing plants had positive 
influences on human being. The objective of this study was to investigate how plant form of 
Pine (Pinus thunbergii) trees pruned using the Sukashi technique, which is an important 
component of natural style Japanese garden and trees without pruning influenced the brain 
activity and emotions response. The physiological responses of 32 university students (20 
males and 12 females) were measured by multi channel infrared spectroscopy. Furthermore, 
fifteen pairs of adjectives on the semantic differential scale were used to record subjects’ 
psychological reactions. Based on the results, visual impact of plantscape evoked different 
psycho-physiological responses. The results revealed that the Sukashi pruned trees had a 
relaxing effect as evidenced by decreased cerebral blood flow (CBF) at the feeling area 
compared to the unpruned trees that diminished skin and body sensations. The results also 
suggested that the Sukashi pruned trees provided positive impressions for both gender. In 
conclusion, findings of this study indicated that these visual cognitive characteristics of 
Japanese individuals with respect to Sukashi pruning technique suggested an association 
among aesthetic consciousness, thought and the natural style Japanese garden. 
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CHAPTER 7. DISCUSSION 
7.1 Physiological and psychological impacts of plant stimuli 
Fisher et al., 1984 stated that landscape architects have line, form, color and texture as 
basic elements in order to seize aesthetics and creativity.   
7. 1.1 Color stimuli  
As shown in Table 6.1, it is clear that there are a similarity between Japanese males and 
females responses to plantscape colors and forms except in some limited cases. Additionally, 
it is apparent from the table that there are a relationship among brain activity, eye movement 
and impression evaluation. Cerebral blood flow (CBF) increment was correlated with the 
degree of attention settled by the participants with respect to the visual; the result is line with 
Bondy et al., (1974).  
Regarding Japanese male and female participants the results suggest that green plants 
evoked mainly positive emotions such as relaxation and comfort for both genders. Evidenced 
by the sedation of CBF at the feeling area. Possibly because it reminded the respondents of 
nature (Saito, 1996). The results of these data are in harmony with Hoshi et al., (2011) study 
which concluded that pleasant emotion was followed by deceasing levels of oxy-Hb at the 
right prefrontal lobe. Additionally, these results are similar to those of Song’s (2004) and Li’s 
et al., (2012) studies, which concluded that scenery containing green plants is strongly 
associated with feelings of comfort.   
Additionally, when the participants were viewed the green plant, lower fixation number 
and shorter fixation duration of eye movement were observed, the result was possibly 
because the green color is common and ordinary in the subjects day lives, as evidenced by the 
SD survey. These results are consistent with Ruggieri (1999) and suggest that eye movement 
when human actively think about something is much active than that when human think 
about something passively. While, concerning the green- yellow color, it was exciting and 
elicited positive emotions for both genders as active, happiness and strength.  
On the other hand the differences between the both genders, the green color was darker for 
female more than male participants. Additionally the green white plant had a positive impact 
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on the females more than males. Female participants felt roomy calmer, relax and 
comfortable in the presence of it, as well they reported that they liked the white plant color. 
In contrary, males had a sense of strength and active in the presence of the bright green 
colored plants more than females. The red colored plant is showy, daily and depressed for 
female more than male participants. On the other hand, it was a favorite of males more than 
females.  
In words, the relationship between color and emotion is closely tied to color preferences. 
In particular, color preferences are associated with whether a color elicits positive or negative 
feelings.  
7. 1.2 Plant form  
In this study, the tree forms effect on visual perception and the effects of gender on 
perception of tree forms have been researched. In contrary to what happened for male 
participants, the pruned and natural plant stimulated the feeling of relaxation for Japanese 
female, possibly because female participants like both of plant forms. But, in the case of the 
male participants they just liked the pruned plant, and sedation at the feeling area was clear. 
Findings here also confirm that pleasant emotion was followed by deceasing levels of oxy-Hb 
at the right ventrolateral prefrontal lobe.  
The results demonstrated that plant forms can affects human psycho-physiological 
responses positively and negatively. The results are consistent with Summit and Sommer 
(1999) who indicated that trees having spreading and globular tree forms were preferred more 
than those having columnar and conical tree forms. Lohr and Pearson-Mims (2006), in their 
study, reached similar results. According to their study, trees having spreading forms gave 
positive emotion to people whereas trees having columnar and conical forms gave negative 
emotion. Orians (1998) stated that low bifurcation of trunk, spreading canopy, and 
compound-leaved trees were preferred. However, in some studies, findings differed on the 
tree forms which were preferred most. For instance, Williams (2002) showed that medium-
sized and lobular or oval-formed trees were preferred. Muderrisoglu et al., (2006) found that 
pyramid formed trees had the highest visual quality and strength. 
 
88 
 
  7. 1.3 Brain activity 
Regarding the brain activity, the results showed that the oxy-Hb is activated in some areas 
of the brain when people have positive emotions; in contrast it is sedated in other areas when 
they have negative emotions to the visual stimuli. Interestingly, it is apparent that oxy-Hb 
concentration tended to diminish in the Judgment, auditory and somatosensory when the 
participants were in a state of uncomfortable, dislike, tension or sadness. There is a similarity 
between the attitudes expressed by the participants in this study and those described by 
Suzuki el al., (2005). Additionally, the activation in the occipital lobe might give an indicator 
to the positive emotions, e.g. during the visual stimulation with favorite color, the brain blood 
flow activated in the occipital lobe especially the visual area. On the contrary, during the 
stimulation with unfavorite colors, the brain blood flow sedated in the judgment and 
somatosensory areas. In words, the differential brain activation patterns associated with color 
preference are assumed to reflect the human emotional response and status being assessed. 
Pleasant and unpleasant human emotions based on cerebral blood flow. Based on that, 
because colors stimulate feelings, color can be used on purpose to stimulate the desire 
response. Also, as shown in Table. 7.1, somatosensory area activation was found to be linked 
to the awareness of visual information, which increased duration and fixation of eye 
movements, a finding similar to results reported by Kleiser (2001)
 
and Rees (2007).  
7.2 Gender and color effects 
7.2.1 Japanese participants (males and females) 
The purpose of the present studies were to examine the impact of plantscape 
characteristics such as colors with green, green-white, green-yellow, bright green or red and 
forms on human physiological and psychological responses, while comparing the effects of 
different plantscape colors on male versus those on female participants. As well as, to verify 
culture effects in color perception.  
Studies have shown that people benefit from viewing plants (Park and Mattson 2008; Park 
and Mattson 2009). It has been reported that colors of plants have both physiological and 
psychological benefits to people (Kim, 199; Li et al., 2009). Findings from this study 
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supported the previous studies and confirmed that different colors or forms of plantscapes 
could evoke different responses. 
Table 7.1 Relationship among brain activity, eye movement and impression response of the Japanese 
participants (male and female) in the present of different plantscapes colors and forms. 
SD Movement Eye Brain activity Plant  
Females Males Females Males Females Males Japanese 
Individual stimuli 
Like Like   feeling 
Motor 
 Vision 
 Cognition 
 
 Vision 
Dark green 
Dislike    Somatosensory  Vision 
Dislike Dislike   Somatosensory Judgment 
Somatosensory 
Green-red 
Like    Somatosensory 
 Vision 
 
 
Green-white  Dislike    Judgment 
Somatosensory 
Group stimuli 
Strong Calm 
Relax 
  Premotor Feeling 
 
Dark Green  Common 
Daily 
Number 
Duration 
Numbers 
Durations 
Somatosensory 
 
Judgment 
Like Passive 
Cool 
  Judgment 
Cognition 
Motor 
 
Green White 
Weak Weak Number 
Duration 
 Somatosensory 
 
Vision 
 
Artificial Ordinary   Vision Judgment 
   Fixation 
Duration 
 Somatosensory 
Active 
Exciting 
Strong 
Active 
Strong 
Exciting 
  Premotor Motor 
Green Yellow 
  Number 
Duration 
 Somatosensory  
Bright green 
Dislike 
Uncomfortable 
Tension 
 
Characteristic   Judgment 
Somatosensory 
Auditory 
Judgment 
Red 
Plant form 
 Like 
 
Positive 
emotions 
  Feeling  
 Cognition 
 
Feeling  
 Vision 
 Cognition 
Pruned tree 
Like 
 
 
Negative 
impersions 
Dislike 
 
 
Positive 
impersions 
  Feeling 
 
  
Somatosensory 
 Cognition 
Somatosensory 
Judgment 
 
 Vision 
 Cognition 
Natural Tree 
 Activation,  sedation  
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7.2.2 Japanese and Egyptian participants 
The present study was undertaken to verify culture effects in color perception and to 
extend this realm of inquiry by looking for possible differences in color perception. Five 
varieties with different foliage colors of Hedera helix which included dark green, green-
white, green-yellow, bright green and red variegation were used in this study. Impacts of 
plant variegation were recorded by measuring the eye movement, emotional status and brain 
activity of the participants.  
Several factors are mentioned to be responsible for color perception and preference such 
as gender (Hurlbert and Ling, 2007), personality, geographical region of residence and 
culture (Saito, 1996). Additionally, human do not response in the same manner to all colors. 
A single color can have many different meaning in different cultures. 
Concerning eye movement, Egyptian participants’ fixations were more numerous and of 
longer duration than those of their Japanese counterparts while viewing plant colors. 
Based on the results obtained from the participants’ responses, the results indicated some 
similarities between the Japanese and Egyptian participants when they were viewing the 
plantscape colors. Except in some limited case such as, Japanese participants felt more stable 
and calmer in the presence of the green color as well as also in the presence of the white one. 
In contrast the dissimilarity was in the presence of both colors green-yellow and bright green. 
Both colors have more positive effects and evoked mainly positive emotions such as, 
cheerful, calming, relaxing, stable, beautiful, active, comfortable and feeling of spacious for 
Egyptians than Japanese participants.  
In the other hand, when the participants were viewed the green-white plants it was 
observed that the color of the plant was associated with the most negative description 
according to the Egyptian participants impression. The participants expressed a negative 
feeling towards the green-white colored plant, might be because white color in plants 
indicating unhealthy and dead plant or indicating an association with the image of death. 
There is some evidence that color preference may be culturally-based. For example, 
Choungourian (1968) found that the colors red and blue were the most preferred colors 
among American subjects, but were less preferred in other cultures. In a comparison of 
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Japanese and Korean subjects, Saito (1996) found unique color preference tendencies 
between the two countries, and also with respect to age, gender and geographical region 
within the individual country.   
As shown in the Table 7.2, the green color was common and daily for Japanese and 
Egyptian. In the other hand Japanese subjects felt calm and relax in the presence of the plant. 
As well as, it is a clear observation of decreasing the amount of amount of attention and eye 
movement of the Japanese and Egyptian participants in the presence of the green color. When 
the participants were viewing the green color, lower fixation and shorter duration of eye 
movements were observed, possibly because the color ranked as common and daily in the 
participants daily live. These findings are consistent with Ruggieri (1999) and suggest that 
eye movement when human actively think about something is much active than that when 
human think about something passively.  Additionally, when the Egyptian were viewing the 
green-white colored plants, the oxy-Hb level tended to decrease in most areas of the brain 
including the feeling, judgment, premotor, motor, somatosensory, auditory and cognition 
areas as well as the plant was associated with the most negative description. Interestingly, it 
is apparent that oxy-Hb concentration tends to diminish in most areas of the brain when the 
participants were in a state of sadness, passive, tension or uncomfortable. 
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Table 7.2 Relationship among eye movement, impression response and brain activity of the 
participants in the presence of the plantscape colors 
Nationality Japanese Egyptian  
Plants 
Brain 
activity 
(Area) 
SD Eye 
movement 
(Fixation) 
Brain activity 
(Area) 
SD Eye 
movement 
(Fixation) 
Dark green 
Feeling  
 
Calm 
Relax 
  Premotor Strong  
 Judgment 
Common 
 Daily 
Numbers  
Durations 
 Common 
Daily 
Number 
Duration 
Green-
white 
 Motor  
 
Passive 
Cool 
 
 Judgment 
 Premotor 
 Motor 
 Somatosensory 
 Auditory 
 Cognition  
Sadness 
Passive 
Tension 
Uncomfortable 
 
 
Vision  
 
Weak  
Judgment 
Ordinary  
 
Somatosensory 
  Fixation 
Duration 
Green-
yellow 
 Motor  Active 
Strong 
Exciting 
  Positive 
responses 
 Number 
Duration 
   
 Feeling  
Calm 
Relax 
 
Bright 
green 
    Positive 
responses 
 Number 
Duration 
Red  Judgment  Characteristic   Motor Tension   
 Activation,  sedation  
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Chapter 8 
Conclusion 
8.1 General conclusion  
Different studies from various countries show that people–plant interactions promote 
human well-being of different target groups, not only curative but also as a preventive 
treatment for individuals as well as groups. As well as, numerous studies have shown that 
indoor plants provide a number of benefits for human health and wellbeing, including 
decreases in illness symptoms, increases in work performance and lifting of spirit. However, 
there has been almost no research conducted on the potentil benefits of indoor plants with 
different charecteristic such as colors and forms to human beings.  
Little is known about the mechanism behind horticultural therapy and in many cases the 
evidence is weak due to methodological limitations of the research. Most of the previous 
studies almost focused on self-report variables (Psychological indicators) for example they 
used SD, POMS and STAI. Eye movements provide the simplest and the most accurate way 
to extract information from the participant’s visual environment and largely determine which 
of the selected information is due for further processing. As the visual information perceived 
by the eyes is transferred to the brain. So eye movement and cerebral blood flow of the 
participants were measured while they are viewing each plant stimuli to study the psycho-
physiological impacts of plants stimuli. 
8.2 Phycho-physiological responses to plants timuli  
Based on our study, we conclude that people exhibit strong responses to a range of plant 
colors and form. 
8.2.1 Plant colors 
Firstly, the present study was designed to investigate how viewing a variety of plantscape 
with different foliage colors which used for reducing indoor air pollutants concentrations can 
affect human psycho-physiological responses. The results revealed that Japanese people 
response differently to plantscape with different colors, we suggest that each color is 
recommended for a specific situation. The green plant is useful for creating a comfortable 
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environment. Furthermore, this study has a potential understanding of the different neural 
mechanism on the subjective emotion state in viewing the favorite and unfavorite colors. The 
brain activation in response to visual stimulation with favorite and unfavorite colors was 
different from each others. As a result, carful choices of plant colors should be made during 
decorating the indoor environment. Green plant could be incorporated into parks or hospitals 
in order to provide relaxing. Different vegetation can be used according to different 
environmental demands to create healthy and livable indoor environments.  
Secondly, the present study was designed to investigate how viewing a variety of different 
foliage colors i.e. dark green, green-white, green- yellow, bright green and red affects the 
psychological and physiological reactions of both genders of Japanese people. The evidences 
from this study confirmed that human do different responses to the presence of different 
foliage colors. The participants paid less attention through eye movements for the dark green 
plants possibly because it was rated as common color in their daily lives. In the other hand it 
stimulated the feeling of calmness and relaxing. In the case of the green-white plant, it was a 
favored for females more than males. Additionally, the green-yellow color plant stimulated 
positive emotions for both genders however, it attracted female’s attention more than males, 
and moreover it increased the sensation of the body and the skin for females. The red colored 
plant created warmth and luxurious environment, it helped males to be more concentrated and 
draw their attentions, on the other hand, it increased female’s activity. The outcome is 
practically applicable for selecting subjective favorite colors in conjunction with the interior 
and living environments. Plant colors can be used to help people release stress and improve 
emotional status. We would to suggest that landscape and interiorscape designers pay more 
attention in choosing foliage colors. 
Thirdly, the purpose of this study was to investigate how viewing a variety of different 
foliage colors i.e. dark green, green-white, green-yellow, bright green and red affects the 
psycho-physiological responses of Egyptian subjects. The results of the case study confirm 
that human do different responses to the presence of different foliage colors. The green-
yellow and bright green plants received the longest duration fixation and highest fixation 
number of the participants’ eye movements in comparison to the rest of the colors. This 
implied that the two plant colors are more effective than the other colors for attracting 
people's attention. A psychological survey (SD) suggested that green-yellow and bright green 
plants provided feelings of brightness, emotional stability, cheerfulness, activism, comfort, 
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calmness and a feeling of spaciousness. In words, interior planting is progressively growing 
and is being used to decorate indoor environment and it is especially increasingly popular in 
the work environments such as office buildings, schools, hospitals and other facilities. It is of 
extreme importance that this be studied well before such project is carried out. This suggests 
that, dark green and red plantscapes are recommended to places that need more energy and 
vigor from residents or visitors such as children’s areas and offices to improve energy and 
employees’ productivity. On the other hand, the green–yellow and bright green colored plants 
can be incorporated to the environment to create cheerfulness, relaxation, and brightness 
environment. The findings of this study have a number of important implications for future 
practice. More broadly, research can shed light on the discussed issues by determining the 
psychological and physiological responses of participants of other culture using the same 
foliage colors to show how ethnic differences vary in the relationship between psycho-
physiological responses and colors. 
8.2.2 Trees form 
A relaxing and pleasure feelings were observed in Japanese male and female participants 
while looking at Sukashi pruned tree. By contrast, the unpruned one which diminished 
sensations related to the skin and the body. Furthermore, SD survey of adjectives suggested 
that the Sukashi pruned stimuli provided various positive impressions, such as comfortable, 
brightness, refreshed, cleaned and roomy. These visual cognitive characteristics, with respect 
to the Sukashi pruning, suggested an association with the aesthetic consciousness to the 
nature of the Japanese individuals and led to a better understanding of the garden shape 
presented in the natural style of the Japanese garden. We would suggest that landscape 
designer and horticulturists should pay more attention to pruning techniques. In conclusion, 
pruned plants via Sukashi can be placed in areas where comfort, pleasure and refreshment are 
needed, moreover in order to increase the brightness and roomy of the environments. 
8.3 New findings 
From the study we can conclude that eye movement and NIRS are good indicators to 
detect human psycho-physiological responses. Furthermore, the results of the studies 
demonstrated that there are a correlation between human verbal response (impression 
evaluation) and nonverbal response (eye movements and brain activity) to plant stimuli. 
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Additionally, visual stimuli activated or sedated the oxy-Hb in many parts of cerebrum 
including feeling, judgment, motor, and premotor, somatosensory, auditory, memory, visual 
and cognition areas. As well as, oxy-Hb concentration tended to diminish in the judgment, 
somatosensory and auditory areas when the participants were in a state of feeling 
uncomfortable. Furthermore, somatosensory area activation was found to be linked to eye 
movement characteristics. Accordingly, it is assumed that the nature stimuli can bring out 
various stimulation in the brain. As well as, Additionally,  
In conclusion, Plants are the backbone of all life on earth and an essential resource for 
human well-being. Just think about how your everyday life depends on plants. People have 
used plants in their lives as essential materials for food, medicine, furniture and so on. 
Through these various uses, people and their psycho-physiological responses become 
accustomed to plants. The present study demonstrated how viewing the plantscape with 
different colors or forms can affect us positively and negatively. Although this study was 
conducted using 8 plantscape colors, as well, emotional states, eye movements and brain 
activity of 109 graduate and undergraduate Japanese and Egyptian students were utilized to 
illustrate the response of participants to the environments. The results will prove useful to 
understand the psychological and physiological effect of plant and the relationship between 
plant and human beings. In words, the outcome is practically applicable for selecting 
subjective favorite colors in conjunction with the interior and living environments. Plant 
colors can be used to help people release stress and improve emotional status. We would to 
suggest that landscape and interiorscape designers pay more attention in choosing interior 
plantscape which has the positive impacts on the human health and has the ability to improve 
the indoor air quality. 
8.4 Results application  
The outcome is practically applicable for selecting subjective favorite colors in conjunction 
with the interior and living environment 
For Japanese people, the green plants can be used to make a place more relaxing calming. 
While, the green-yellow and bright green plants can be used to make a place more pleasant, 
exciting and brightness. On the other hand, the red plant can be used in a pace to create a 
Luxurious and when high concentration is needed. 
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In the other hand, for Egyptian people, green-yellow and the bright green plants can be used 
in places where comfort and calmness are required for the built environment. Additionally, 
they can be used to make a place more pleasant and to create a luxurious environment. Plants 
with dark green and red colours can be used to improve energy in some places, such as 
offices and children’s areas.  
8.5 Future studies 
The findings of this study have a number of important implications for future 
practice. More broadly, research can shed light on the discussed issues by determining the 
psychological and physiological responses of participants of different age levels and other 
culture using the same foliage colours to show how age and ethnic differences vary in the 
relationship between psycho-physiological responses and colours. 
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